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1.0 Scope

1.1 Identification

This User’s Manual provides information, to users and
programmers, about three algorithms for the Cut Order
Planning problem: Savings, Cherry Picking, and Improvement.
This information will enable the user to operate the '
programs and give the software programmer a better
understanding of the software written.

1.2 Purpose

The algorithms were designed to analyze the cut order
planning problem. The first algorithm uses a "computed
savings" to combine sections in a cut plan. The second
algorithm is also a constructive algorithm which combines
pieces into one section at a time. The third algorithm
tries to improve an existing solution by replacing pieces
into other sections. The algorithms presented in this
document are used for testing purposes only.

2.0 Equipment Confiquration
The software was written on an IBM PC platform with

MSDOS environment. All code is written in the Ansi C
format. The outputs were generated with a 386/25MHz
machine.

3.0 _User Requirements
A typical user of the algorithms should be familiar

with basic computer skills. The user needs to know how to
edit an Ascii file (input file) and print a listing of the
output file either on the screen or to a printer.



A software programmer must have knowledge of the C
programming language to edit any of the procedures, and
should have knowledge of either the Pascal or C languages to
read the code. The code contains basic array structures,
but no linked list structures. Therefore the user does not
need extensive knowledge with the use of pointers but needs
to understand arrays and the allocation of memory for such
array'structures. The software programmer must also be
familiar with makefiles and how to compile and link the
separate procedures.

4.0 Algorithm Description

4.1 Savings Algorithm

4.1.1 Functional Description

The Savings algorithm uses a "computed savings" to
combine sections in a cut plan. The algorithm begins with
each unit of fabric ordered in a separate section of initial
ply height. Sections in this list are continuously merged
into one section based on which merges provide the best
savings in inches of fabric. As two sections are merged the
new section is placed in a partial section. This partial
section is then merged with other sections until the maximum
sizes allowed per section is reached. Once this partial
section is full, it is saved in a permanent list of sections
and can no longer be used to merge with other sections. At
this point a new partial section is created by combining two
sections and the process begins again. Sections are only
merged if the new section created does not exceed the
maximum ply height or the maximum sizes allowed per section.
When no more mergers are possible the solution is written to
an output file and the program terminates.




Before merging sections together, the program
calculates a potential savings in fabric for each possible
combination of sections. There are basically two ways to
merge two sections. If the two sections contain the same
size combination, the savings can be computed by placing one
section on top of another. The savings for this method is
based on the saved cutting cost, since the size combination
is only cut once instead of twice. The merger for sections
containing the same size combination can also be achieved by
changing the size combination to include two of each of the
original sizes and leaving the ply height the same. The
savings for this method is the decreased cost of fabric
required for spreading the merged sections. If the two
sections do not contain the same sizes then the savings is
computed by changing the size combination and leaving the
ply height the same.

Appendix C describes the Savings algorithm in detail
and Appendix D contains a printout of the source code for
the Savings algorithm.

The Savings algorithm is run simply by typing in
"savings" at the DOS prompt in the directory in which the
executable program is located. An input file, explained in
section 4.1.2, must reside in the current directory in which
the user is running the Savings algorithm. All output is
written to a file also in that current directory.

4.1.2 Input File
The input file is an Ascii file which must contain the
variables needed to run the Savings algorithm. The inputs
include (1) an order to be cut, consisting of various sizes
required, the quantity desired of each of these sizes, and




the perimeter around the size to cut. (2) The number of
units over or under the demand that will be allowed. (3) The
parameter K which determines the number of iterations after
which the savings list will be updated. (4) The ply height
of each of the initial sections. (5) List of Lij’s (these are
the fabric lengths required for cutting a size combination i
- like small and large together -~ in a particular section.
(6) The maximum ply height allowed. (7) The maximum number
of sizes allowed per section. (8) The cutting cost per inch
of fabric. (9) The unit cost of the fabric.

Each input is placed on a separate line on the input
file and must be placed in the following order represented

below:
int ou_units : number of units over or under
the demand
int max_ply maximum ply height

int max sizes

_ max sizes allowed per section
int init_ply

initial ply height

int k number of iterations after which
the savings list is updated
int g : the ply height in which to use

int cut_cost
int unit_cost
order_t order
list_t list

cutting cost per inch

unit cost of size

the order

list of Lj’s (fabric lengths
for each size combination)



The beginning of the input file would appear as
follows:

ou_units
max_sizes
max_ply
init_ply
k

cut_cost

unit_cost

order ( #, perimeter, string for size)
order ( #, perimeter, string for size)
order ( #, perimeter, string for size)
list ( 1 size 0, inches)

list ( 1 size 1, inches)

120 size-30
130 size-32
140 size-34
0 -1 15.31
1l -1 15.56

S8 S0 88 6¢ S5 00 00 S0 %0 08 o8 o0
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: end
A detailed description of the data structures for an
order and the list of Ljs is in section 4.1.4.

As each row of the order is read from the input file
the values are placed in the ord_var_t structure. For
example the first row (5 120 size-30) is placed as follows:

number[0] = 5
ch_sizes[0] = "size-30"
perimeter[0] = 120

As each row in the list of Ljs is read the variable are
placed in the list_t array as follows:

List([0].sizes[0] = 1 ( 1 size-30 )
List{0]).sizes[1] = 0 ( 0 size-32 )
List[0].inches = 15.31

List([1]).sizes(0] = 0 ( 0 size-30 )
List[1l].sizes[1l] =1 ( 1 size=-32 )

List[1].inches = 15.56
Appendix A contains a printout of the entire input
file.




4.1.3 Output File
The output file ("OUTPUT") lists the sizes in each
section, the inches for that section, the ply height, and
the total inches for the section (ply x inches). At the end
the total inches are printed along with the number of units
over or under the demand. A sample outpﬁt file is in
Appendix B.

4.1.4 Data Structures
MAX SIZES defines the maximum number of different sizes
possible in one order.

MAX LIST defines the maximum number of possible size
combinations as in the input file.

MAX_SAVINGS defines the maximum number of savings that
will be kept in a list.

The following structure holds the order which consists
of the amount of each size needed, the string value that
will be written to the output file associated with that
size, and the perimeter of the particular size:

struct order {
order_t number;
sizes_t ch_sizes;
int perimeter {MAX SIZES);
} ord_var_t;

Order.number is an array which holds the amount of
each size ordered. It is defined as follows:
typedef int order t[MAX SIZES].

Order.ch_sizes is an array which holds the string
value associated with the size. e.g "Size-32". It is




defined as follows:
typedef char sizes_t[MAX_SIZES][10] :

Order.perimeter is an array which holds the perimeter
of each size.

Arrays in the C language begin with zero and not one.
Therefore there will be a value in the first position,
zero. If the order is 3 size-30 and 5 size-32, the
ord_var_t structure will hold the following numbers:

number(0] = 3 number([1] = 5
ch_sizes[0] = "size-30" ch_sizes{[l] = "size-32"
perimeter(0] = 120 perimeter([1] = 130

The following structure holds the list of size
combinations:

struct list t {
order_t sizes;
float inches:
} list

List.sizes is an array which holds the amount of each
size in the specific size combination.

List.inches holds the amount of fabric in inches need
for that specific sizes combination.

An example of what is in the list[] structure:
sizes[0] 1 ( 1 size-=30)

sizes{1l] =1 ( 1 size-32)
inches = 28.01

The following structure holds the data necessary for
each section.




struct section_t ({
order_t sizes;

int ply_height;
char merged;
} section

Section.order is an array which holds the amount of
each size in the specific size combination for this
particular section.

Section.ply height is the ply height of tlat section.

Section.merged tells whether the section has already
been merged or not.

The following structure contains the data for each

savings calculated between two sections:

struct savings_t {
int sectl
int sect2
int ply_height;
float savings;
int type;
int plyl;
int ply2;
} save_list;

Save_list.sectl and save list.sect2 are the numbers of
the two sections being merged. These numbers
correspond to their position in the section 1list.

Save_list.ply height is the ply height of the new
combined section.

Save list.savings is the savings achieved if these two
sections are merged.

Save_list.type is the type of merge that is needed.
1 : Sizes the same, place on top of another
2 : Sizes different, rearrange size combination

Save_list.plyl and save_list.ply2 are the different
ply heights of sectl and sect2.




4.1.5 Module Definitions

4.1.5.1 Case_ai.c

Case_ai() computes the savings of placing one section
on top of the other. The two sections must have the same
size combination.

4.1.5.2 Case_aii.c

Case_aii() computes the savings of rearranging the size
combination of the two sections into one section but keeping
the ply height the same.

4.1.5.3 Compute.c

Compute_savings() looks at the two sections to
determine which way to compute the savings. If the two
sections have the same sizes combination then case_ai.c is
called else case_aii.c is called. Ply height of the
sections are adjusted and the savings is returned to the
main program.

4.1.5.4 Findinch.c

Find_inches() searches through the list of Lj inputs to
find the inches for the specific size combination of a
section.

4.1.5.5 Getparm.c
Get_parameters() opens the input file and reads in all
the inputs into their appropriate variables and structures.

4.1.5.6 Globals.c
Globals defines and initializes all the global
variables for the Savings algorithm.




4.1.5.7 Savings.c

This file contains the main program to execute the
savings algorithm. The procedure begins by allocating
enough memory for all the variables and lists and then calls
get_parameters() to read the input file. The main loop in
the procedure calculates the savings and merges sections
until no more merges are possible by calling the other
various procedures. This procedure then writes all the
final results to the file "Output". All allocated space is
freed and all files are closed.

4.1.5.8 Savdec.h

This file contains all the definitions for various
structures and procedures that are used by the Savings
algorithm.

4.1.5.9 Savelcl.h

This file defines the global variables for the Savings
algorithm as external variables so that the program will
compile. The actual definition and initialization is in the
globals.c file.

4.1.5.10 Makefile.pc

This file contains the method in which to compile all
the procedures and create the executable file Savings.exe.
To execute this file type '"make makefile.pc".

4.1.6 Error Messages
All error messages provide a short message and the file
in which the error occurred.

The following message appears when the program has
trouble opening a file in which to write the output.

10




"CANNOT OPEN OUTPUT FILE savings.c"

The following message appears when the program has
trouble allocating memory to any structure needed for the
program.

"ALLOCATION ERROR for 1list savings.c"

The following error appears when the program tries a
specific combination of sizes in one section but can not
locate the inches for this combination in the input 1list.
The user should check the input file to determine if the
value exists or not.

“CANNOT FIND 1 size-30 2 size-32 findinch.c"

4.2 Cherry Picking Algorithm

4.2.1 Functional Description
The Cherry Picking algorithm builds sections by

combining certain sizes based on the best utilization of
fabric. The algorithm begins by choosing the first (Ql1) and
second (Q2) most numerous sizes in the order. O0OU will
represent the number of units over or under the demand that
is allowed. Any size which has an order quantity greater
than (Q2 - OU) is placed into sections such that a minimal
amount of fabric is used. All quantities of sizes assigned
to a section are reduced appropriately. This process
continues until all sizes have been assigned to sections.
When this occurs the program terminates and the output is
written to a file.

11




Appendix C describes the algorithm in greater detail
and Appendix E contains the source code for the Cherry
Picking algorithm.

The Cherry algorithm is run simply by typing in
"cherry" at the DOS prompt in the directory in which the
executable program is located. An input file, explained in
section 4.2.2, must reside in the current directory in which
the user is running the Cherry algorithm. All output is
written to a file also in that current directory.

4.2.2 Input File

The input file is an Ascii file which must contain the
variables needed to run the Savings algorithm. The inputs
include (1) an order to be cut, consisting of various sizes
required, and the quantity desired of each of these sizes.-
(2) The number of units over or under the demand that will
be allowed. (3) List of Lj’s (these are the fabric lengths
required for cutting a size combination i - like small and
large together - in a particular section. (4) The maximum
ply height allowed. (5) The maximum number of sizes allowed
per section.

Each input is placed on a separate line on the input
file and must be placed in the following order represented
below:

number of units over or under
the demand

maximum ply height

max sizes allowed per section
the amount of each size needed
list of I’s (fabric lengths
for each sizes combination)

int ou_units

int max_ply
int max_sizes
order_t order
list_t 1list

12



The input file would appear as follows:

ou_units
max_sizes
max_ply
order ( #, perimeter, string for size)
order ( #, perimeter, string for size)
order ( #, perimeter, string for size)
(
(

120 size-30
5 130 size=-32
5 140 size-=34
10 -1 15.31
11 -1 15.56

list 1 size 0, inches)
list 1 size 1, inches)

-2 : end
A detailed description of the data structures for an
order and the list of Ljs is in section 4.2.4.

As each row of the order is read from the input file
the values are placed in the ord_var_t structure. For
example the first row (5 120 size-30) is placed as follows:

number[0] = 5
ch_sizes(0] = "size-30"
perimeter({0] = 120
As each row in the list of Ljs is read the variable are

placed in the list_t array as follows:

List[0].sizes[0]
List[0].sizes[1]
List[0].inches = 15.31

1 1 size-30 )

0 size-32 )

~

List[1]).sizes[0] o ( 0 size=30 )
List([1]).sizes[1] = 1 ( 1 size=32 )
List({1).inches = 15.56

Appendix A contains a printout of the entire input
file.

13




4.2.3 Output File
The output file ("OUTPUT") lists the sizes in each
section, the inches for that section, the ply height, and
the total inches for the section (ply x inches). At the end
the total inches are printed along with the number of units
over or under the demand. A sample output file is in
Appendix B.

4.2.4 Data Structures
MAX SIZES defines the maximum number of different sizes
possible in one order.

MAX LIST defines the maximum number of possible size
combinations as in the input file.

The following structure holds the order which consists
of the quantity amount of each size needed, the string value
that will be written to the output file associated with that
size, and the perimeter of the particular size:

struct order {
order_t number;
sizes_t ch_sizes;
int perimeter [MAX SIZ2ES];
} ord _var_t;

Order.number is an array which holds the amount of
each size ordered. It is defined as follows:
typedef int order_t([MAX_SIZES].

Order.ch_sizes is an array which holds the string
value associated with the size. e.g "Size-32". It is
defined as follows:

typedef char sizes t[MAX_SIZES]([10] :

Order.perimeter is an array which holds the perimeter
of each size.

14



Arrays in the C language begin with zero and not one.
Therefore there will be a value in the first position,
zero. If the order is 3 size-30 and 5 size-32, the
ord_var_t structure will hold the following numbers:

number (0] = 3 number({1l] = 5
ch_sizes[0] = "size-30" ch_sizes[1l] = "size-32"
perimeter{0] = 120 perimeter(1] = 130

The following structure holds the list of Ljs:

struct list_t {
order_t sizes;
float inches:
} list

List.sizes is an array which holds the amount of each
size in the specific size combination.

List.inches holds the amount of fabric in inches need
for that specific sizes combination.

An example of what is in the list[] structure:
sizes(0] 1 (1 size-30)

sizes(1] 1 (1 size-32)
inches = 28.01

The folléwing structure holds the data necessary for
each section.

struct section_t {
order_t sizes;
int ply height;
} section

Section.order is an array which holds the amount of
each size in the specific size combination for this
particular section.

Section.ply _height is the ply height of that section.

15




4.2.5 Module Descriptions

4.2,.5.1 Cherry.c

This file contains the main program which executes the
Cherry Picking algorithm. The procedure begins by
allocating memory for all the variables and lists for the
program and calls get parameters() to read the input file.
The main loop in the program chooses the best combination of
sizes in the set S by calling the other various procedures.
After all sizes have been used the procedure writes the
results to the file "Output", releases all memory, and
closes all files.

4.2.5.2 Chkinch.c

Check_inches() detremines if the total inches
calculated from the current combination is less than the
previous best combination. If so this new combination is
saved in a temporary section.

4.2.5.3 Clrtemp.c
Clear_temp() initializes the temporary sections.

4.2.5.4 Combine.c
Combine_inches calls find _inches() to calculated the
total inches for a specific combination of sizes.

4.2.5.5 Cphold.c

Copy_hold_to_sections() copies all the sections in the
temporary holding segment to the final output hold segment
of sections.

4.2.5.6 Findinch.c

Find_inches searches through the list of Lj inputs to
find the inches for a specific size combination.
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4.2.5.7 Fives.c

Fives() is a recursive procedure which groups sizes in
combinations of five. Recursive programming means it keeps
calling itself until all possible combinations are
exhausted.

4.2.5.8 Fours.c

Fours() is a recursive procedure which groups sizes in
combinations of four. Recursive programming means it keeps
calling itself until all possible combinations are
exhausted.

4.2.5.9 Getparm.c
Get_parameters() reads the input file and places all
input variables in their appropriate structures.

4.2.5.10 Globals.c
Globals.c defines and initializes all global variables
for the Cherry Picking algorithm.

4.2.5.11 Ones.c
Ones() places each sizes in a section by itself and
find the total inches for all these sections combined.

4.2.5.12 Sixes.c

Sixes() is a recursive procedure which groups sizes in
combinations of six. Recursive programming means it keeps
calling itself until all possible combinations are
exhausted.

4.2.5.13 Threes.c

Threes() is a recursive procedure which groups sizes in
combinations of three. Recursive programming means it keeps
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calling itself until all possible combinations are
exhausted.

4.2.5.14 Twos.c

Twos() is a recursive procedure which groups sizes in
combinations of two. Recursive programming means it keeps
calling itself until all possible combinations are
exhausted.

4.2.5.15 Cherdec.h

This file contains all the definitions for various
structures and procedures that are used by the Cherry
Picking algorithm.

4.2.5.16 Cherlcl.h

This file defines the global variables for the Cherry
Picking algorithm as external variables so that the program
will compile. The actual definition and initialization is
in the globals.c file.

4.2.5.17 Makefile.pc

This file contains the method in which to compile all
the procedures and create the executable file Cherry.exe.
To execute this file type "make makefile.pc".

4.2.6 Error Messages
All error messages give a short message and the file in
which the error occurred.

The following message appears when the program has
trouble opening a file in which to write the output.
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"CANNOT OPEN OUTPUT FILE cherry.c"

The following message appears when the program has
trouble allocating memory to any structure needed for the
program.

"ALLOCATION ERROR for list cherry.c"

The following error appears when the program tries a
specific combination of sizes in one section but can not
locate the inches for this combination in the input list.
The user should check the input file to determine if the
value exists or not.

"CANNOT FIND 1 size-30 2 size-32 findinch.c"

4.3 Improvement Algorithm
4.3.1 Functional Description

4.3.1.1 Improvement Algorithm on current solution

The Improvement algorithm takes a current solution for
a cut plan and tries to improve this solution by exchanging
sizes in different sections. The algorithm begins by first
examining the current solution to see if any sections can be
combined to make one section that requires less fabric than
the two sections. The new section cannot violate the
constraints on the maximum ply height or the maximum sizes
allowed per section. Then the algorithm begins with any
section and tries to transfer a portion of the section to
another section, or swap a portion of the section with the
portion of another section without violating the constraint
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of the maximum number of sizes allowed per section. When
all possible transfers and swaps have been examined for the
current section, the best transfer or swap is made and the
process begins again for the next section. This process is
continued until no more transfers or swaps that improve the
solution can be made. At this point the new solution is
written to the output file and the program terminates.

Before actually transferring or swapping a portion of a
section, the program calculates a possible savings in fabric
for each possible combination of sections. There are
basically two ways to transfer or swap sizes. If the
portion taken from one section and the candidate section
contain the same size combination the savings is computed by
placing the portion on top of the candidate section. The
savings for this method is based on the saved cutting cost
since the size combination is only cut once instead of
twice. The savings for the merger of a portion of the
original section and the entire candidate section containing
the same size combination can also be achieved by adding the
sizes in the extracted portion to the new section and
leaving the ply height the same. The savings for this
method is the decreased cost of fabric required for
spreading the merged sections. If the portion taken from
one section and candidate section do not contain the same
size combination then the savings is computed by changing
the size combination and leaving the ply height the same.

4.3.1.2 Improvement Algorithm on an order

The Improvement algorithm can also be used to generate
a solution from an initial order by either changing the
source code slightly or the input file. To accomplish this
each unit in the initial order must be placed in a separate
section of initial ply height. The improvement algorithm
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works as if this were the initial solution and tries to
improve upon this solution as explained above.

There are two ways to set up this initial solution for
the algorithm. The user can edit the input file to show a
initial solution of sections with initial ply heights and
one unit of clothing in each secticn. (See section 4.3.2
Input File). However if the order is large it would be
easier to change the source code to omit reading in the
first solution from the input file and simply place each
size ordered into a section of initial ply height. The two
files which would need to be changed are the getparm.c file
and the improve.c file. 1In the getparm.c file the code that
reads in the initial solution would have to be deleted. 1In
the improve.c file new source code would have to be added
which would take the order and place each unit of fabric
into a separate section of initial ply height. This code is
represented below:

curr_section = 0;
for (i=0; i< num_of sizes; i++) {

for (j=0; j<order([i]; Jj++) {
sections{curr_section].ply height =
initial ply;
sections[curr_section].sizes[i] = 1;
++curr_section;

}
}

The Improvement algorithm will then generate a solution
based on the order and write out the solution to the output
file.

Appendix C contains a detailed description of the
algorithm and Appendix F contains the source code for the
Improvement algorithm.
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The Improvement algorithm is run simply by typing in
"improve" at the DOS prompt in the directory in which the
Improvement program is located. An input file, explained in
section 4.3.2 needs to be in the current directory in which
the user is running the Improvement algorithm. All output
is written to a file also in that current directory.

4.3.2 Input File

The input file is an Ascii file which must contain the
variables needed to run the Improvement algorithm. The
inputs include (1) an order to be cut, consisting of various
sizes required, and the quantity desired of each of these
sizes (2) The number of units over or under the demand that
will be allowed. (3) List of Lj’s (these are the fabric
lengths required for cutting a size combination i - like
small and large together - in a particular section. (4) A
solution to the problem to be improved upon. The solution
contains the number of sections and the sizes and ply height
assigned to each of those sections, the fabric length
required for each of the sections, and the deviation of the
number of units to be cut from the actual number of units
required in the order. (5) The maximum ply height allowed.
(6) The maximum number of sizes allowed per section. (7) The
cutting cost per inch of fabric. (8) The unit cost of the
fabric.

Each input is placed on a separate line on the input
file and must be placed in the following order represented
below:

int ou_units : number of units over or under
the demand for 1st solution
int max_ply : maximum ply height
22




int max_sizes

int cut_cost

int unit_cost
order_t order
.num_sections
sections_t section

max sizes allowed per section
cutting cost per inch

unit cost of size

the amount of each size needed
the # of sections in 1st solution
the sections for the 1st solution
(sizes in section, ply height)
old_ou_units : # of units over or under demand
for new solution

list of I’s (fabric lengths

for each sizes combination)

list_t list

The beginning of the input file would appear as

follows:
3 ¢ ou_units
3 : max_sizes
4 ! max_ply
1 : init_ply
1 t k
1 ¢ cut_cost
1 : unit_cost
5 120 size-30 : order ( #, perimeter, string for size)
5 130 size-32 : order ( #, perimeter, string for size)
5 140 size-34 ¢ order ( #, perimeter, string for size)
5 150 size-36 : order ( #, perimeter, string for size)
2 ¢ number of sections
1023 -12 ¢ sections (sizes , ply height)
1223 -13 : sections (sizes , ply height)
3 : ou_units for new_section
10 -1 15.31 : list ( 1 size 0, inches)
11 -1 15.56 : list ( 1 size 1, inches)
-2 : end

A detailed description of the data structures for an
order, the list of Ljs, and a solution is in section 4.3.4.
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As each row of the order is read from the input file
the values are placed in the ord_var_t structure. For
example the first row (5 120 size-30) is placed as follows:

number[0] = 5
ch_sizes([0] = "size-30"
perimeter([(0] = 120

The input file for the original solution reads as
follows:

1l size-30, 2 size-36 with a ply height of 2
1 size-34, 2 size-36 with a ply height of 3

As each row in the input file for the original solution
is read the variables are placed in a section list as
follows:

section{0].sizes[0]
section{0].sizes[?]
section{0].sizes[2]
section{0].sizes[3]
section{0].ply_height

nwnwa
ivsoor

N

section(l].sizes{[0]
section(1l].sizes[1]
section(l).sizes[2]}
section(l]).sizes(3]
section(1l].ply height

o= OO

As each row in the list of Ljs is read the variable are
placed in the list_t array as follows:
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List[0].sizes[0] =1 ( 1 size-30 )
List(0]).sizes[1l] = 0
List[0].inches = 15.31

List[1l].sizes[0] = 0O
List[1l].sizes[1)] 1
List[1l].inches = 15.56

Appendix A contains a printout of the entire input
file.

4.3.3 Output File
The output file ("OUTPUT") lists both the first

solution, given as the input, the second solution generated
by the algorithm, the sizes in each section, the inches for
that section, the ply height, and the total inches for the
section (ply x inches). At the end the total inches are
printed along with the number of units over or under the
demand. A sample output file is in Appendix B.

4.3.4 Data Structures
MAX SIZES defines the maximum number of different sizes
possible in one order.

MAX_LIST defines the maximum number of possible size
combinations as in the input file.

The following structure holds the order which consists
of the amount of each size needed, the string value that
will be written to the output file associated with that
size, and the perimeter of the particular size:

struct order {
order_t number;
sizes_t ch_sizes;
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int perineter[MAX_ SIZES];
} ord_var_t;

Order.number is an array which holds the amount of
each size ordered. It is defined as follows:
typedef int order_ t[MAX_ SIZES].

Order.ch_sizes is an array which holds the string
value associated with the size. e.g "Size-32". It is
defined as follows:

typedef char sizes_t[MAX_SIZES][10] :

Order.perimeter is an array which holds the perimeter
of each size.

Arrays in the C language begin with zero and not one.
Therefore there will be a value in the first position,
zero. If the order is 3 size-30 and 5 size-32, the
ord_var_t structure will hold the following numbers:

number (0] = 3 number (1]} = 5
ch_sizes[0] = "size-30" ch_sizes[1] = "size-32"
perimeter[0] = 120 perimeter(1] = 130

The following structure holds the list of Ljs:

struct list t {
order_t sizes;
float inches:
} list

List.sizes is an array which holds the amount of each
size in the specific size combination.

List.inches holds the amount of fabric in inches need
for that specific sizes combination.

An example of what is in the list[] structure:
sizes[0] 1 (1 size-30 )

sizes(1l] =1 ( 1 size-32)
inches = 28.01

The following structure holds the data necessary for

each section.
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struct section_t {

order_t sizes;

int ply height;

} section
Section.order is an array which holds the amount of
each size in the specific size combination for this
particular section.

Section.ply height is the ply height of that section.

The following structure contains the data for all the
savings calculated and saved in a list:

struct savings_t {
int sectl
int sect2
int org _ply height
int cand_ply_height
float savings;
int type;
order_t org;
order_t cand;
order_t in_sectl;
order_t in_sect2;
} save_list;

Save_list.sectl and save_list.sect2 are the numbers of
the two sections being merged. These numbers
correspond to their position in the section list.

Save_list.org_ply height is the ply height of the
originating section in which the portion was taken.

Save_list.cand_ply height is the ply height of the
candidate section in which the portion will be added
or swapped.

Save_list.savings is the savings achieved if these two
sections are merged.

Save_list.type is the type of merge that is needed.

1 : Sizes the same, place on top of another
2 : Sizes different, rearrange size combination
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Saveflist.org is an array which holds sizes of the
originating portion to transfer or swap.

Save_list.cand is an array which holds the sizes of
the candidate portion to transfer or swap.

Save_list.in_sectl is an array which holds all the
sizes in the original section before the swap or
transfer is made.

Save_list.in_sect2 is an array which holds all the
sizes in the candidate section before the swap or
transfer is made.

4.3.5 Module Descriptions

4.3.5.1 Case_ai.c

Case_ai() computes the savings of placing one section
or portion of a section on top of another section. The two
sections must have the same size combination.

4.3.5.2 Case_aii.c

Case_aii() computes the savings of rearranging the size
combination of the two sections into one section but keeping
the ply height the same.

4.3.5.3 Combply.c

Combine ply() combines sections which have the same
sizes combination into one section if the new ply height
does not violate the maximum ply allowed.

4.3.5.4 Combsize.c

Combine_sizes() combines sections which have the same
ply height if the number of sizes in the section does not
violate the maximum number of sizes allowed per section.
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4.3.5.5 Compswap.cC

Compute_swap_savings() looks at the two sizes and
sections to swap to determine which way to compute the
savings. If the two sections have the same size combination
then case_ai.c is called, else case_aii.c is called. Ply
height of the sections are adjusted and the savings is
returned to the main program.

4,.3.5.6 Compute.c

Compute_savings() looks at the size to transfer and the
two sections to determine which way to compute the savings.
If the two sections have the same sizes combination then
case_ai.c is called else case_aii.c is called. Ply height
of the sections are adjusted and the savings is returned to
the main program.

4.3.5.7 Findinch.c
Find_inches() searches through the list of Lj inputs to
find the inches of the size combination of a section.

4.3.5.8 Getparm.c
Get_parameters() opens the input file and reads in all
the inputs into their appropriate variables and structures.

4.3.5.9 Globals.c
Globals defines and initializes all the global
variables for the Improvement algorithm.

4.3.5.10 Improve.c

This file contains the procedure to execute the
Improvement algorithm. The procedure begins by allocating
all the memory needed for the variables and lists, and then
calls get_parameters() to read the input file. The main
loop in the procedure continually tries to transfer and swap
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sizes between sections until no more transfers or swaps can
be made to improve the solution. The procedure then writes
all the final data to the file "Output", frees all memory,
and closes any open files.

4.3.5.11 Swapbkwd

Swap_backwards() attempts to swap one size from one
section with a size from another section working backwards
through the list.

4.3.5.12 Swapfrwd
Swap_forwards() attempts to swap one size from one
section with a size from another section working forwards
through the list.

4.3.5.13 Tranbkwd

Transfer_backwards() attempts to transfer one size from
one section to another section working backwards through the
list.

4.3.5.14 Tranfrwd

Transfer_ forwards() attempts to transfer one size from
one section to another section working forwards through the
list.

4.3.5.15 Impdec.h

This file contains all the definitions for various
structures and procedures that are used by the Improvement
algorithm.

4.3.5.16 Implcl.h

This file defines the global variables for the
Improvement algorithm as external variables so that the
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program will compile. The actual definition and
initialization is in the globals.c file.

4.3.5.17 Makefile.pc

This file contains the method in which to compile all
the procedures and create the executable file Improve.exe.
To execute this file type "make makefile.pc".

4.3.6 Error Messagdges
All error messages give a short message and the file in
which the error occurred.

The following message appears when the program has
trouble opening a file in which to write the output.

"CANNOT OPEN OUTPUT FILE improve.c"

The following message appears when the program has
trouble alloccting memory to any structure needed for the
program.

"ALLOCATION ERROR for list improve.c"

The following error appears when the program tries a
specific combination of sizes in one section but can not
locate the inches for this combination in the input list.
The user should check the input file to determine if the
value exists or not.

“"CANNOT FIND 1 size-30 2 size-32 findinch.c"
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6.0 Appendices

Appendix A Input File

Each algorithm has a unique input file. The Ljs in the
three input files (one for each algorithm) are all the same.
However, each input file begins slightly different depending
on the other input variables needed for the algorithm. All
other input files are the same except for the initial
inputs. The input file in this appendix is used in the
Savings algorithm. The beginning of each of the three
input files are explained in the sections 4.1.2 Savings
Input File, 4.2.2 Cherry Input File, 4.3.2 Improvement Input
File.
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Appendix B oOutput File

The output file for the Savings and Cherry algorithms
contains the inputs to the programs and the sections the
algorithm created for the solution. The Improvement
algorithm contains the inputs to the program, the beginning
solution on which to improve, and the sections generated
for the solution.




SAVINGS ALGORITHM

MAX PLY = 47 MAX # OF UNITS PER SECTION = 6
K=1 INITPLY =1 Q=1

ORDER

6 SIZE size=-30

9 SIZE size-32

25 SIZ2E size-34
2 SIZE size-36

5 SIZE size-38

1 SIZE size-40

i X222 X222 XXX 22222 X222 2222222222232 22222 2% %3

THE # OF FINAL SECTIONS ARE : 4

SECTION O HAS PLY = 1
AND 1 SIZE size-30
AND 4 SIZE size-38
AND 1 SIZE size~40

MARKER LENGTH = 73.86 THE TOTAL LENGTH = 73.86
SECTION 1 HAS PLY = 1

AND 1 SIZE size~-32

AND 2 SIZE size-34

AND 2 SIZE size~36

AND 1 SIZE size-38
MARKER LENGTH = 72.52 THE TOTAL LENGTH = 72.52
SECTION 2 HAS PLY = §

AND 1 SIZ2E size-30

AND 1 SIZE size-32

AND 4 SI2E size-34
MARKER LENGTH = 71.19 THE TOTAL LENGTH = 355.95
SECTION 3 HAS PLY = 3

AND 1 SIZE size-32

AND 1 SIZE size-34
MARKER LENGTH = 28.52 THE TOTAL LENGTH = 85.56

TOT MARKER = 246.09 TOT LENGTH = 587.89, UNIT OVER/UNDER = 0
TOTAL TIME = 0.008000 SECONDS




MAX PLY = 47 MAX # OF UNITS PER SECTION = 6

UNIT COST = 1 cents

ORDER

6 SIZ2E size-30
9 SIZE size-32
25 SIZ2E size-34
2 SIZE size-36
5 SIZE size-38
1 SIZE size-40

FIRST SOLUTION
SECTION 0 HAS PLY
AND 1 SIZE
AND 1 SIZE
AND 4 SIZE
MARKER LENGTH =

SECTION 1 HAS PLY
AND 1 SIZE
AND 1 SIZE
AND 2 SIZE

MARKER LENGTH =

SECTION 2 HAS PLY
AND 1 SIZE
AND 1 SIZE
AND 1 SIZE
AND 1 SIZE

MARKER LENGTH =

= 6
size-30
size-32
size-34

CUT COST = 1 cents

71.19 TOTAL LENGTH =

= 2
size~-32
size-36
size-38
55.96

=1
size-32
size-34
size-38
size-40
55.90

TOTAL LENGTH =

TOTAL LENGTH =

TCTAL MARKER ~ 183.05 TOTAL LENGTH =

427.14

111.92

55.90
594.96

hkhkhhkhhhhhhhhhhhhhhhhkhhhhhhhdhhhkhhhhhhhkhhhhkk
THE # OF FINAL SECTIONS ARE : 7

SECTION 0 HAS PLY

MARKER LENGTH =
SECTION 1 HAS PLY

MARKER LENGTH =
SECTION 2 HAS PLY

MARKER LENGTH =
SECTION 3 HAS PLY

MARKER LENGTH =

=1
AND
AND
AND
AND

72.52

=1
AND
AND
AND

71.03

= ]
AND
AND
AND

72.52

= ]
AND
AND
AND

72.52

SECTION 4 HAS PLY = 1

AND
AND
AND

1 SIZE size-30
3 SIZE size-34
1 SIZE size-38
1 SIZE size-40
TOTAL LENGTH =

3 SIZE size-32
2 SIZE size-34
1 SIZE size-36
TOTAL LENGTH =

4 SIZE size-34
1 SIZE size=-36
1 SIZE size-38
TOTAL LENGTH =

1 SIZ2E size-32
3 SI2E size-34
2 SI2E size-38
TOTAL LENGTH =

3 SIZ2E size-30
2 SIZE size-32
1 SIZE size-38

72.52

71.03

72.52

72.52




MARKER LENGTH = 70.52 TOTAL LENGTH =

SECTION 5 HAS PLY = ]
AND 1 SIZE size-32
AND 5 SIZE size-34
MARKER LENGTH = 71.63 TOTAL LENGTH =

SECTION 6 HAS PLY = 2
AND 1 SIZE size-30
AND 1 SIZE size-32
AND 4 SIZE size-34
MARKER LENGTH = 71.19 TOTAL LENGTH =
TOTAL MARKER = 501.93 TOTAL LENGTH =
UNIT OVER/UNDER = 0

TOTAL TIME = 0.020000

70.52

71.63

142.38

573.12




Appendix C Algorithm Detailed Descriptions




"Savings" Algorithm fo

INPUT: (1) An order to be cut, consisting of the various sizes required and a quantity
desired of each of these sizes. (2) The number of units over or under the demand that
will be allowed. (3) The parameter k which determines the number of iterations after
which the savings list will be updated. (4) The ply height of each of the initial sections.
(5) List of 1.'s (these are the fabric lengths required for cutting a size combination i -
like small and large together - in a particular section). (6) Maximum ply height
allowed. (7) Maximum number of sizes allowed per section. (8) The cutting cost per
inch of fabric. (9) The unit cost of the fabric.

STEPS:
1. Assign each unit in the order to a separate section of the initial ply height.
2. Compute a savings™ achieved for combining any pair of sections into a single

section. The maximum size of this list can be set to a specifc value. It is best to
keep it less than or equal to the input K. The savings list is sorted as each value
is calculated and placed in the list.

3. Start at the top of the savings list and feasibly™™ merge sections according the
best savings. The first two sections that are merged are placed in a temporary
section. Each merge thereafter is made only with this temporary section until
the number of sizes per section is reached.

4, Once a the temporary section is full it is saved and cannot be used again.

5. After k mergers in step 3 the savings list should be updated and resorted by
performing steps 2 and 3 for all newly created actions, then performing step 3.
(note: k will be an input parameter)

6. Continue until no more savings can be achieved (i.e. the savings list has been
scanned and the list is exhausted, with no mergers possible).

OUTPUT: (1) The number of sections, the sizes assigned to each of those sections, and
the ply height of each section. (2) The total estimated fabric length required to
cut the order. (3) The deviation of the number of units to be cut from the actual
number of units required in the order.




*S . : . .

Step 2 of the algorithm requires a computation of savings achieved for combining two
sections into one. Described below are the details of this computation, based on
whether or not the two sections to be combined contain the same sizes or not.

Case A:

The two sections contain exactly the same size(s). The merger can be accomplished in
one of two ways:

@) Increase ply height by spreading one section on top of the other and making no
change to the size combination in the section.

To compute the savings achieved in this situation, the cost savings is essentially based
only on the cutting cost. That is, we need a number to reflect the savings of cutting the
size combination in this section once instead of twice. (Note the length of fabric
required for the section is the same before and after the merger and hence has no effect
on the cost savings for the merger).

Let e represent the number of cutting inches in the pattern for the size combination in
the two sections being considered. Then e is also the number of cutting inches required
for the merged section as well. Recall that U = cutting cost/inch.

Thus, Ue + Ue = cost of cutting the two unmerged sections, and
Ue = cost of cutting the merged sections. Hence,
Ue = SAVINGS in cost obtained by merging the two sections. (Illustration attached).
However, the merger for case A could also be accomplished by
(i1) changing the size combination, leaving the ply height the same.
For example, suppose the two sections both contain sizes 32 and 34. The merged
section will then contain the size combination 2-32s and 2-34s. Here the savings will be
the decreased cost of fabric required for spreadmg the merged sections. Assume the
following notation:

L, =length of fabric required to cut one layer of the 1st unmerged

section,

1, =length of fabric required to cut one layer of the 2nd unmerged
section, and

1,; =length of fabric required to cut one layer of the 3rd MERGED
section.

P = ply height of the unmerged and merged sections




Recall that c is the unit cost of fabric
Then, the savings can be computed as cp(};; + 1, - 1;). (Illustration attached).
Thus, for case A, the savings is the max{Ue, cp(]; + 1, - Ly)}.

If the ply heights of the two section are not equal and the second method of merging
the two sections is better the following takes place:

Case B:

The two sections do not contain exactly the same size(s), but are of the same ply
height. To maintain consistency, the only possible way to merge two such sections is to
merge the size combination, leaving the ply height unchanged. This is precisely the
same as case A(ii). Hence the savings computation is

cp(;; + L, - 13). (Illustration attached).
Case C:

The two sections do not contain the same size and have different ply heights. The only
way to merge two such sections is to merge the size combination. This is the same as
case B. Hence the savings computation is

cp(ly + I, - 13). (Illustration attached).

The ply height of the section being merged is chosen so that the minimum number of
overages or underages are created.

**E -l .l. Cl I .

Step 4 of the algorithm states that section mergers should be done only when feasible.
The feasibility of such mergers are based on two conditions:

(1)  Will the maximum number of sizes allowed per section be violated? If so, do
not merge.

(2)  Will the maximum ply height be violated? If so, do not merge.




h king Algori for

INPUT: (1) An order to be cut, consisting of the various sizes required and a specified
demand quantity for each of these sizes. (2) The number of units over or under the
demand that will be allowed. (3) Maximum ply height allowed. (4) Maximum number
of sizes allowed per section. (5) List of L's (these are the fabric lengths required for

cutting a size combination i - like small and large together - in a particular section).

STEPS:

1.

Let ql be the largest quantity of any size remaining in the order, and q2 be the
second largest, where q2 < ql.

(If there is no such g2, then one of two cases exists. Case 1: Only one size
remains in the order, or Case 2: All sizes remaining have the same order
quantity. In either case, set q2 = ql.)

'Form set S by selecting all sizes remaining in the order which have a quantity

greater than or equal to q2 minus the number of units allowed over the specified
demand.

The next section created will have ply height = min{q2, max ply height}.
Combine the sizes in set S in this section in a way so that a minimal amount of
fabric will be required, based on the inputs .. For example, if set S contains
sizes small and large, it may be necessary to create two sections, nne containing
size small and the other size large, or only one section may be required which
contains both sizes small and large. In the general case, all combinations of the
sizes in set S should be considered which do not exceed the maximum number
of sizes allowed per section.

Reduce the order demand quantities for the sizes in set S by q2.

If the order contains a size with positive quantity larger than the number of units
allowed under the specified demand, go to step 1.

OUTPUT: (1) The number of sections, the sizes assigned to each of those sections, and

the ply height of each section. (2) The total estimated fabric length required to
cut the order. (3) The deviation of the number of units to be cut from the actual
number of units required in the order.




Improvement Algorithm for COP

INPUT: (1) An order to be cut, consisting of the various sizes required and a quantity
desired of each of these sizes. (2) The number of units over or under the demand that
will be allowed. (3) A solution to the problem (see below for details) to be improved
upon. (4) List of 1's (these are the fabric lengths required for cutting a size
combination i - like small and large together - in a particular section). (5) Maximum
ply height allowed. (6) Maximum number of sizes allowed per section. (7) The cutting
cost of the fabric per inch. (8) The unit cost of the fabric.

A SOLUTION consists of the following: (1) The number of sections, the sizes assigned
to each of those sections, and the ply height of each section. (2) The total
estimated fabric length required to cut the order. (3) The deviation of the
number of units to be cut from the actual number of units required in the order.

OUTPUT:  The output from the improvement algorithm will consist of a solution (as
described above).

Step 0: We need to keep track of starting over. If we start over and cannot find any
improvements after examining all possible exchanges, then the algorithm will
terminate.

Each section contains one or more sizes. A portion of a section will consist of only one
size. For example, if a section contains sizes M, M and L, the portions to consider are
M, L, and MM.

STEPS:
Step 1. Consider the next portion of one section.

Step 2. Attempt to reassign the portion from its original section to one or more of the
remaining sections so that the reassignment satisfies the feasibility checks listed below.
If feasible to reassign, compute the savings that would be achieved by making the
reassignment.

Step 3 Attempt to swap the portion from its original section with a portion from one of
the remaining sections so that the reassignment satifies the feasibilty checks listed
below. If feasible compute the savings that would be achieved by making the
reassignment.




Step 4 Perform the reassignment based on the best savings computed.

How to perform the merger of the portion with a section and how to compute the
associated savings can be described exactly as per the Savings Algorithm:

Case A:

The portion and section contain exactly the same size(s). The merger can be
accomplished in one of two ways:

(1) Increase ply height by spreading one section on top of the other and making no
change to the size combination in the section.

To compute the savings achieved in this situation, the cost savings is essentially based
only on the cutting cost. That is, we need a number to reflect the savings of cutting the
size combination in this section once instead of twice. (Note the length of fabric
required for the section is the same before and after the merger and hence has no effect
on the cost savings for the merger).

Let ¢ represent the number of cutting inches in the pattern for the size combination in
the two sections being considered. Then e, is also the number of cutting inches
required for the merged section as well. Recall that U = cutting cost/inch.

Thus, Ue, + Ue, = cost of cutting the two unmerged sections, and
Ue, = cost of cutting the merged sections. Hence,
Ue, = SAVINGS in cost obtained by merging the two sections.

However, the merger for case A could also be accomplished by
(ii)  changing the size combination, leaving the ply height the same.

For example, suppose the two sections both contain sizes 32 and 34. The merged
section will then contain the size combination 2-32s and 2-34s. Here the savings will be
the decreased cost of fabric required for spreading the merged sections. Assume the
following notation:

l;, =length of fabric required to cut one layer of the original section from which
the portion will be cut (section A),

1, =length of fabric required to cut one layer of the candidate section into
which the portion will be added (section B),

l;; =length of fabric required to cut one layer of section A after the
reassignment of the portion, and




L4 =length of fabric required to cut one layer of section B after the
reassignment of the portion.

p = ply height of the unmerged and merged sections
Recall that ¢ is the unit cost of fabric

Then, the savings can be computed as cp(l; + L; - 13- 1.

Thus, for case A, the savings is the max{Ue, , cp(}; + L, - ;- L)}.

Case B:

The portion and section do not contain exactly the same size(s).

(1) Same ply height.

To maintain consistency, the only possible way to merge two such sections is to merge
the size combination, leaving the ply height unchanged.

(ii) Ply heights not the same.

The merger should take place by combining the size combinations, and choosing the
ply height so that the minimum number of overages or underages are created and 2!l

other feasbility checks are satisfied.

In either case (i) or (ii), we have the same situation as case A(ii). Hence the savings
computation is

cp(ly + ;-1 ‘.lu)-

Feasibility Ch
The feasibility of such mergers are based on two conditions:

(1) Will the maximum number of sizes allowed per section be violated? If so, do
not merge.

2) Will the maximum number of units over and under the demand be violated? If
so, do not merge.



Appendix D Savings Algorithm Source Code
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== $Header:: D:/cops/src/savings/case_ai.c January 1991

------------- .----.....---.-..-.--....-.--.--.........---....-..--.'/
/. ............ wenmessemvesccswesnenansnenascase cececcansresrosnnsacenan

= FILE NAME : case_ai.c

-~ PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To compute the savings if ply heights and sizes
- in both sections are the same.

= MODIFICATION HISTORY-

. cmesvsssacssvessssseveccanms [Py e [ R ./
#include <stdio.h>

#include <stdiib.h>

#include “savedec.h%

#include “savelcl.h®

float case_ai(sectl, sect2, cut_cost)

section_t sectt;
section_t sect2;
int cut_cost;

int i;
inte=0;
float savings;

for (i=0; i< num_of_sizes; i++) (
e = e + (order.perimeter[i) * sectl.sizes[il);
e = e + (order.perimeter(i] * sect2.sizes[i));
)

savings = (float) cut_cost * e;

return(savings);




1 ,. .................................................................

2 =~ SHeader:: D:/cops/src/savings/case_sii.c January 1991

3 ec eeeerenccecccctccccaccentectceomoos e s oo ottt canaaattancnee */
4

5 ,i ....................................................................
6 = FILE NAME : case_aii.c

7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : January 1991 .
9 ~ ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

1" -~ PURPOSE- To compute the savings if the units or ply

12 - height is not the same in two sections.

13 -

14 -

15 e eecccccccccccecccanacesececrecorecacanes oot are s e e */
16 #include <stdio.h>

17 #include <stdlib.h>

18 #include “savedec.h®

19 #include “savelcl.h®

NN
- o

float case_aii(sect1, sect2, unit_cost)

gR

section_t sectl;

26 section_t sect2;
25 int unit_cost;
26

27 <

28 int i;

29 int e = 0;

W
(=]

float savings;

float sect?_inch;
float sect2_inch;
float merge_inch;
order_t merged_order;

w
-

- S

secti_inch = find_inches(sectl.sizes);
sect?_inch = find_inches(sect2.sizes);

g8y

for (i=0; i< num_of_sizes; i++) (
merged_order[il = 0;
merged_order[i] = merged_order[i] + sectl.sizes[il;
merged_order{i] = merged_order(i] + sect2.sizesli];
)

bg‘“&bb
w WN =20

merge_inch = find_inches(merged order);

58

savings = unit_cost * sectl.ply_height * (secti_inch + sect2_inch - merge_inch);

s&

return(savings);

B
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,. messscceccscsscvanacae cccccmne covrecen vemscovvronsanae escesmccsccccan

-- $Header:: D:/cops/src/savings/compute.c January 1991

: compute.c
- PROGRAMMER : Terri A. Smith

= ODATE WRITTEN : January 1991
- ADDRESS GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine which method to use to compute
- the savings.

e ewcvesccssvecccncscccsccane cessececssmcscccccnncnannnssssne semscanas ./
#include <stdio.h>

#include <stdlib.h>

#include <memory.h>

#include “gavedec.h®

#include “gsavelcl.h*

float compute_savings(sectl, sect2, cut_cost, unit_cost, temp_save,
max_sizes, max_ply)

section_t sectl;
section_t sect?2;

int cut_cost;

int unit_cost;
savings_t *temp_save;
int max_sizes;

int max_ply;

int i;

inte=0;

float savings = (float) 0.0;
float save2 = (float) 0.0;
char match = 1;

int num_units = 0;

int j, k, count;

char match?2;

temp_save->plyl = secti.ply_height;
temp_save->ply2 = sect2.ply_height;

for (i=0; i<num_of_sizes; i++) (
if (sectl.gizes[i] 1= sect2.sizes(il)
match = 0;
num_units = num_units + secti.sizes(i];
mm_units = num_units + sect2.sizeslil;
)

if (match) ¢ /* sizes in sections are the same */
if ((secti.ply_height ¢ sect2.ply_height) <= max_ply) (
savings = case_si(sectl, sect2, cut_cost);
temp_save->types 1;
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87

89

temp_save->ply_height = gectl.ply_height + sect2.ply height;
)

else if (num_units <= max_sizes) (
save2 = case_aii(sect], sect2, unit_cost);

A if ((save2 > savings) || (temp_save->ply_height > max_ply)) (*/
temp_save->type= 2;
savings = savel;

temp_save->ply_height = gectl.ply_height;
/"y
)
)

else if ((sectl.ply_height == gect2.ply_height) & (rmm units <= max_sizes)) (
savings = case_aii(sectl, sect2, unit_cost);
temp_save->type= 3;
temp_save->ply_height = gectt.ply_height;
)

’ else if (rum_units <= max_sizes) {
temp_save->ply_height = sectl.ply_height;
savings = case_aii(sectl, sect2, unit_cost);
temp_save->typex &;

)

temp_save->savings = savings;

return(savings);
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/' ................ T I I T T ™Y™Y
= FILE NAME Findinch.c

- PROGRAMMER : Terri A. Smith
- DATE WRITTEN : January 1991
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To find the length (in inches) in the list of Is

- cesamaw censssane coemssssvew wecessscuamvecncns semercscscnnacvcacssne '/
#include <stdio.h>

#include <stdlib.h»

#include <string.h>

#include “savedec.h"

#include “savelcl.h®

float find_inches(sizes)

order_t sizes;

<
int ¥, i;
char match = 0;
i=0; i
while ((!match) && (i < num_list)) (
match = 1;
for (j=0; j<num_of_sizes; j++) (
if (sizes()) 1= listlil.sizes()l)
match = 0;
)
*i;
)
if (match)
return(list{--i).inches);
else {
printf(® COULONT FIND ¥);
for (i=0; f<num_of_sizes; i++) ¢
if (sizes[il > 0)
printf("Xd Xs », sizes{i), order.ch_sizes(i});
)
printf(*\n");
exit(0);
)
)
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J® eveeccecccccccerroccccsnscnnccaannes seceveanccnrarsssscnansccccacas
-~ SHeader:: D:/cops/src/savings/getparm.c  December 1990
------------------------------------- ...--.....--.-.--..-..---..-.-i/
[8ecceccrccccaccna. vessscecanssessenae cevccscccnns teccmcnssevcccnncsne
- FILE NAME  : Getparm.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To read in the parameters from a file

e ssecccscsmmeccscnscscvmcsann ceveenen cmwoeona caccceccccscmnccerans 17
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include “savedec.h*

#include "savelcl.h¥

int get_parameters(ou_units, max_ply, max_sizes,
k, init_ply, q, cut_cest, unit_cost)

int *ou_units;
int *max_ply;
int *max_sizes;

int *k;
int *init_ply;
int *q;

int  *cut_cost;
int  %unit_cost;

int i, j, m, L;
FILE *fp = NULL;
int quantity;
float temp;
char match;

if ((fp sfopen("INPUT™, "r")) == NULL) (
printf(“Cannot open input file - getparm.c%);
exit(0);
)

/* set order and list values to -1 v/
for (i = 0; i < MAX_SIZES; i+) (
order.number(i] = 0;
order.ch_sizes(i1 (0] = O;
order.perimeter([i) = 0;
)

for (i=0; T<MAX_LIST; i++) (
list[il.inches = (float) 0.0;

for (J = 0; j < MAX_SIZES; j++)
tistli).sizeslj) = O;
)
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109
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112
113
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fscanf(fp,"%d", ou_units);
fscanf(fp,"Xd", max_ply);
fscanf(fp,“%d", max_sizes);
fscanf(fp,“Xd", init_ply);
fscanf(fp,“%d", k);
fscanf(fp,"%d", cut_cost);
fscanf(fp,"%d", unit_cost);
fscanf(fp,"%d", q);

/* Input Order */
for (i = 0; i < MAX_SIZES; i++) (

fscanf(fp,"%d», Lorder.mumber(il);

if (order.number(i] == -1) (
order.number{i] == 0;
break;
)

fscanf(fp,"%d®, &order.perimeter(il);

fscanf(fp,"Xs®, order.ch_sizes
)

num_of_sizes = i;

/* Input List %/
i=0;
while(1) ¢

fscanf(fp,¥Xd", &quantity);

if (quantity == -2)
break;

while (quantity I= -1) {
fscanf(fp,"Xd", &m);
if (m >= num_of_sizes) (-
printf("ERROR in reading

exit(0);
)

[i1y;

size variable - getparm.c");

listlil.sizes[m] = quantity;

fscanf(fp,*%d", &quantity);
)

fscanf(fp,"%f», &listli).inches);

i
)

fclose(fp);




return(i);

)

115
116
17
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/' csscanca ecccece esesccccsasssrsncvoce eeccseccscecsecsvensssanresaanas .o
-- SHeader:: D:/cops/src/savings/globals.h January 1991
.......... .---...........-.............--...-.--.---.....--.......-i,
,. -------- O Y L L L L L L T T T T T T T T
-  FILE NAME : Globals.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To declare all global variables

e msescmmccsscccaces emsssccceerrsccnasersen cecnercoeccnanasrsssnnnan 0/

#include <stdio.h>
#include “savedec.h*
#include “savelcl.h*

ord_var_t order;

list_t
int
int
int
int

int

*list = NULL;
mam_of_sizes;
num_list;
total_order = 0;
curr_tot = 0;

num_old_sect = 0;

section_t *old_sect = KULL;




INCLUDES = savedec.h
LIBNAME = savelib

OBJS = \
globals.obj \
getparm.obj \
findinch.obj \
case_ai.obj \
cese_aii.obj \
compute.obj

.c.0bj:

$(CC)

$(LIB)
globals.obj : globals.c SCINCLUDES)
getparm.obj : getparm.c S(INCLUDES)
findinch.obj : findinch.c S(INCLUDES)
case_ai.obj : case_ai.c $(INCLUDES)
case_sii.obj : case_aii.c $CINCLUDES)
compute.obj : compute.c $(INCLUDES)
savings.obj : savings.c S(INCLUDES)
savings.exe : savings.obj $(OBJS)

cl savings /link savelib.lib
$(B)\savings.exe : savings.exe

$(CP)

$(1)\savedec.h : savedec.h
$(CP)




VOO NOWVMES™UN-

54

57

’t .......................... esccsvaan P . casecevescavasannasne
-- SHeeder:: D:/cops/src/savings/savedec.h December 1990

as emsvcevsecrsccame svmsssccsnsscnansew sensscnae csoncmcns srevccaa .--.i/
/t ............ emcemcesvesssscanvaccancas frceccamsnsesssccsasntananseRreee
- FILE NAME : Savedec.h

= PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To define all variables and procedures

e eeacmesvescsce emcccvesccccne wecsscseccmsnnnnne eececccccncccncnanne '/

#ifndef SAVEDEC_H
#define SAVEDEC_H

#define MAX_LIST 1000
#define MAX_SIZES 25
#define MAX_SAVINGS 2

typedef int order_t[MAX_SIZES];

typedef char sizes_t([MAX_SIZES]([10]1;

typedef struct {

order_t
sizes_t

number;
ch_sizes;

int perimeter[MAX_SIZES];
) ord_var_t;

typedef struct (

order_t
float
> list_t;

sizes;
inches;

typedef struct (

order_t
int
char

sizes;
ply_height;
merged;

} section_t;

typedef struct (

int sectl

int sect2;
int ply_height;
float savings;

int type;
int ply1;
int ply2;

) savings_t;

int get_parameters(int *units, int *max_ply, int *max_sizes, int *k,

int *init_ply, int *q, int *cut_cost, int *unit_cost);

float find_inches(order_t sizes);
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float case_ai(section_t sectl, section_t sect2, int cut_cost);

float case_aii(section_t sectl, section_t sect2, int unit_cost);

flost compute_savings(section_t sect], section_t sect2, int cut_cost,

#endif

int unit_cost, savings_t *temp_save, int max_sizes, int max_ply);
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/t esssssscnsssane P T R Y g RSy S
-- $Header:: D:/cops/src/savings/savedec.h December 1990
................................................................... ./
/t ..... R Y L L L L T T T T Y T AP e g A e
= FILE NAME s Savelcl.h
- PROGRAMMER : Terri A. Smith
= DATE WRITTEN : December 1990
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952
- PURPOSE- To define all global variables
LR I L L R L T T T T T N Sy PPy ./

#ifndef SAVELCL_M
#define SAVELCL_H

extern ord_var_t order;
extern list_t *list;
extern int num_list;
extern int num_of_sizes;
extern int total_order;
extern int curr_tot;
extern int num_old_sect;
extern section_t *old_sect;

#endi f
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/t ...............
-- SHeader:: D:/

JMeccccccccanacaan
= FILE NAME

= PROGRAMMER

= DATE WRITTEN
- ADDRESS

e es e e

--------------------------------------------------

cops/src/savings/savings.c December 1990
.................................................. '/

................... eesccccseccsencccsrraancanasasvanae

Savings.c

Terri A. Smith

December 1990

GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Main program which controls execution of other procedures

#include <stdio.h>
#inctude <malloc.h

................................................. ./

>

#include <memory.h>
#include <stdlib.h>
#include <string.h>

#include <time.h>
#include <math.h>
#include “savedec.
#include “savelcl.

#define clock() ti

main(argv, argc)
int argv;
char *argcl];

he
h"

me(NULL)

/* lnput Variables */

int  ou_units;

/* # of units over/under allowed */

int  max_ply; /* max ply height allowed */
int max_sizes; /* # of sizes allowed / section */
int init_ply; /* initial ply height */
int k; /* # of merges allowed */
int  cut_cost; /* cutting cost / inch */
int unit_cost; /* unit cost *y

int q;

/* ply used for initial sections */

/* Output Variables */
float tot_length; /* the total amt of fabric needed*/

int  unit_dev;
char unit_stri

/* aeviation of units to cut from order */
ng(101; /* string for over, under */

float inches; /* used in output */
int §,J,x v /* counters .y
int  curr_sect = 0; /* current gection */
section_t new_sect; /* new sections */
section_t *save_sect = NULL; /* new sections */
div_t n; /* quotient and remainder */
savings_t temp_save; /* temp savings - 1 structure ./
savings_t *save_list = NULL; /* savings list *
int  num_savings; /* # of savings in list ./
int m |, r,s; /* counters ./
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char mergers_possible = 1; /* Boolean for loop */
int  num_new_sect; /* # of total new_sect */
int  num_save_sect; /* # of total new_sect */
int  num_units; /* # of units in one section */
int unit_count; /* # of units in all sections */
int  order_count; /* # of units in order */
int num_mergers = 0; /* # of mergers */
FILE *fp; /* output file pointer *y
clock_t start_time, enc_time; /* times */
double total_time; /* total time program runs */
float marker; /* inches in marker ./
float tot_marker; /* total inches in all markers */
char match2; /* boolean value */
int count; /* counts the sections */
int old_ply; /* ply height of older section */
section_t temp_sect; /* temporary section */
int add_sect; /* # of gections to add */

order_t temp_order;
order_t hold_sizes;
int abs1, abs2;

start_time = clock();

if ((fp = fopen("OUTPUT", “w")) == NULL) ¢
printf(“CANNOT OPEN OUTPUT FILE savings.c\n");
exit(0);
)}

,.
Allocation of input lict
*/
if ((list = (list_t *)malloc(MAX_LIST * sizeof(list_t))) == NULL) ¢
printf("ALLOCATION ERROR FOR LIST savings.c\n");
exit(0);
)

/t
Get parameters and print initial stuff to output file
*/
oum_List = get_parameters(iou_units, &max_ply, &max_sizes, &k, &init_ply,
&q, &cut_cost, &unit_cost);

fprintf(fp, “SAVINGS ALGORITHM 2\n\n"):
fprintf(fp, “MAX PLY = Xd MAX # OF UNITS PER SECTION = %d\n". max_ply, max_sizes);
/* fprintf(fp, “UNIT COST = Xd cents CUT COST = Xd cents\n", unit_cost, cut_cost);
*/
fprintf(fp, *K = Xd INIT PLY = Xd Q@ = Xd\n\n", k, init_ply, q);
fprintf(fp, “ORDER\n");
for (i=0; i<num_of sizes; i++) (
fprintf(fp, »Xd SIZE Xs\n*, order.number[i], order.ch_sizes[il);
)

/t
Allocate spsce for two sets of sections
*/
for (i=0; f<num_of_sizes; {++)
total_order = total_order ¢ order.number(i};
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if ((old_sect = (section_t *)malloc(total_order * sizeof(section_t))) == NULL) (
printf("ALLOCATION ERROR FOR OLD SECTION savings.c\n*);
exit(0);
M

if ((save_sect = (section_t *)malloc(total_order * sizeof(section_t))) == NULL) ¢
printf(“ALLOCATION ERROR FOR SAVE SECTION savings.c\n%);
exit(0);
)

for (i=0; i<num_of_sizes; i++) (
temp_order{i] = order.number[i);
)

/t
Assign each unit in order to a separate section of initial
ply height
*/
for (i =0; i < total_order; i++) (
old_sectli).ply_height = q;
old_sect[il.merged = 0;

for (j=0; j< MAX_SIZES; j++)
old_sectli).sizes(j) = 0;
b

unit_count = 0;
for (i=0; i<num_of_sizes; i++) (
n = div(order.number[il, q);
for (j=0; j<n.quot; j++) {
old_sect{curr_sect].sizes[i] = 1;
++curr_sect;
unit_count = unit_count + q;
>
M

for (i=0; i<num of_sizes; i++) (
n = div(order.number[i], q);
for (j=0; j<n.rem; j++) (
unit_dev = total_order - unit_count;
if (Cou_units - unit_dev) < 0) (
old_sect(curr_sect).sizes[il = 1;
++curr_sect;
unit_count = unit_count + q;
)

)
rum_old_sect = curr_sect;

/.
Allocate space for savings list and initialize

*/

if ((sove_list = (savings_t *)malloc(MAX_SAVINGS * sizeof(savings_t))) == NULL) (
printf("ALLOCATION ERROR FOR SAVINGS LIST savings.c\n%);
exit(0);
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)

for (i=0; i<MAX_SAVINGS; i++) (
save_list([i).savings = (float) 0.0;
save_list[i).ply_height = 0;
save_list[i).type = 0;
)

/.
Main Lloop in the Savings slgorithm:

- crestes a savings list and merges sections one at a time.

- 8 temporary section is created and merged with initial sections
until it is completely filled. It is then save in the
save_section and a new temporary section is started

- When all sections are saved to the save_section then program is
terminated

./

mm_save_sect = 0;
while (mergers_possible) (

for (i=0; i<MAX_SAVINGS; i++) (
save_list([i).savings = (float) 0.0;
save_List[il.pty _height = 0;
save_list{il.type = 0;
)

printf(”NUM OLD SECT = Xd\n", num_old_sect);
if (rum_old sect <= 1)
break;

num_units = 0;

/t
When the max number of units per section is reached, the section
is saved in save_section

*/

for (j=0; j <num_of_sizes; j++)
num_units = old_sect[0).sizes[j) + num_units;

if (num_units >z max_sizes) (
memcpy(&save_sect [num_save_sect], 8old_sect([0), sizeof(section_t));

for (i = 0; i<num_old _sect-1; i++)
memcpy(8old_sect{i), &old_sect(i+1], sizeof(section_t));

++num_save_sect;

--num_old_sect;
)

mergers_possible = 0;
num_savings = 0;

/t
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Create Savings List

*/

i=0;

for (j=i+1; j<num_old_sect; j++) (
temp_save.sectl = i;
temp_save.sect2 = j;
temp_save.ply_height = 0;
temp_save.savings = (float) 0.0;
temp_save.type = 0;

compute_savings(old_sect[i], old_sect[j], cut_cost, unit_cost,
Ltemp_save, mex_sizes, max_ply);

m=0;
while((m < num_savings) &&
(temp_save.savings <= save_list(m].savings))
+4m;

if (m 1= MAX_SAVINGS) €

for (L = num_savings; L > m; |--) (
memcpy(&save_list(l]l, &save_listl-11, sizeof(savings_t));
)

memcpy(&save_List[l], &temp_save, sizeof(savings_t));
if (num_savings < MAX_SAVINGS-1)

++num_savings;
)

/'
Merge Sections
*/

new_sect.ply height = q;
new_sect.merged = 0;

for (j=0; j< MAX_SIZES; j++)
new_sect.sizes[jl = 0;

num_mergers = 0;
m=0;

for (i=0; i<num_savings; i++) {
r = save_list(i].sectl;
s = save_listlil.sect?;
num_units = 0;

for (j=0; j <num_of_sizes; j++) (
num_units = old_sect(r].sizes[j] + num_units;
if (save_list(i).type I= 1)
num_units = old sect(s).sizes[j] + num_units;
)

if ((save_list[i].ply_height <= max_ply) &&
(lold_sect(r].merged) &&
(told_sect(s].merged) &%
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(num_units <= max_sizes) k&
(save_List(i).type I= 0)) (

mergers_possible = 1;
old_sect(r).merged = 1;
old_sect(s).merged = 1;

new_sect.ply_height = save_List[i]l.ply_height;
for (j=0; j<num_of_sizes; j++) (
new_sect.sizes[j] = new_sect.sizes[j] +
old_sectlrl.sizes(jl;
if (save_list[il.type I= 1)
new_sect.sizes[j) = new_sect.sizes[j] +
old_sect{s].sizes(j};

/.
1f the savings is achieved by rearranging sizes
in one section (not by putting plys on top of
each other), then the two ply heights of the sections
must be manipulated to keep the order correct.
e.g. If one section has ply 3 and the other ply 10
one section of ply 3 with bothe sizes combinations
is made and 7 sections of kept in the list of merging
sections

*/

if (save_list{il.type 1= 1) (

for (x=0; x<num_of_sizes; x++)
hold_sizes{x] = old_sect[s]l.sizes(x];

/.

Count how many sections in the sections list match

the given section to merge
*/
count = 0;
for (1=1; L<num_old_sect; l++) (

match? = 1;

for (j=0; j<num_of_sizes; j++) (

if (old_sect{s]l.sizes{j] != old_sect[l]l.sizes(j])

match2 = 0;
)
if (match2)
++count;
)
/.

1f the count is greater than the ply height of
the temporary section, combine the two sections
with the ply height of temporary section and then
delete that number (ply height) of sections from
the section list

*/

if ((save_List[il.plyl /7 q) <= count) (
count = save_list{il.plyl / q;
for (1=1; t<num_otd_sect; l++) (




343 match2 = 1;

344 for (j=0; j<rum_of_sizes; j++) (

345 if (hold_sizes(j] t= old_sectil].sizes(j))
346 match2 = 0;

347 )

348

349 if ((match2) && (count > 0)) ¢

350 for (m=l; m<num_old_sect-1; m++)

351 memcpy(&old_sect{m), Sold_sectm*1], sizeof(section_t));
352

353 --num_old_sect;

354 --count;

355 --1;

356 )

357 )

358 ) /* save_listlil.plyl <= count */

359

360 *

361 elge if the count is less than the ply height
362 of the temporary section, then the temp section
363 will have a ply height of count and sections are
364 added back to the section lList based on the the
365 old_ply (of temp section) minus the the count
366 */

367 else (

368 if (count > 0) ¢

369 if (old_sect[0].ply_height > count) (

370 old_ply = old_sect(0).ply_height;

n old_sect(0).ply_height = count;

372 new_sect.ply_height = count;

373 for (i=0; i<num_of_sizes; i++) (

374 if (old_sect[0).sizes[i) > 0) (

375 add_sect = old ply - count;

376 temp_sect.ply_height = q;

377 temp_sect.merged = 0;

378

k14" for (j=0; j<rum_of_sizes; j++)

380 temp_sect.sizes[j] = 0;

381

382 temp_sect.sizes[il = 1;

383

384 for (1=0; l<old_sect([0).sizes[i); l++) (
385 for (j=0; j<add_sect; j++)

386 memcpy(&old_sect (num_old_sect++), &temp_sect, sizeof(section_t));
387 )

388 } /* if old_sect[0].sizes(i) > 0 */
389 ) /* for i=0 etc */

390 ) /* old_sect{0).ply > 0 */

391

392 for (l=1; l<rum_old_sect; ++) (

393 wmatch2 = 1;

394 for (j=0; j<rum_of_sizes; j++) (

395 1f Chold_sizes(jl 1= old_sect(l).sizes[]])
396 match2 = 0;

397 )

308

399 if ((match2) && (count > 0)) (
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for (m=l; m<num_old_sect-1; m++)
memcpy(fold_sect[m], &old_sectim+1), sizeof(section_t));

--num_old_sect;
--count;
-l
)
) /* for i=1 etc */

}/* count >0 %/
) /* else %/
) /* if type 1= 1 %/

m;
if (++num_mergers >= k)
break;
M
)

memcpy(&old_sect[0], &new_sect, sizeof(section_t));

/i
Merges Complete
*/

if (save_list[i).type == 1) {
for (i=s; i< num_old_sect-1; i++)
memcpy(&old_sect{i], &old_sectli+1], sizeof(section_t));

--num_old_sect;
)

num_savings = 0;

) /* End of While (1) */

if (num_old sect > 0) (
for (i=0; i<num_old_sect; i++) (
memcpy(&save_sect (nun_save_sect++], Zold_sect(i), sizeof(section_t));
)

/.
put final information in output file
*/
end_time = clock();
total_time = ((double) end_time - start_time) / CLK_TCK;

fprintf( fp, M\N\NT RO RS R RN RN A SRR RNV R SRR RN S TR I EEEINRANRNNNRN\ 1) :
tot_length = (float) 0.0;

unit_dev = 0;

order_count = 0;

unit_count = 0;

tot_marker = (float) 0.0;

fprintf(fp, “THE # OF FINAL SECTIONS ARE : Xd\n", num_save_sect);




457
458
459

461
462

465

467

489
470
&N
472
473
474
475
476
477
478
79
480
481

485

487

489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507

for (i=0; f<num_save_sect; j++) (
fprintf(fp, “SECTION Xd HAS PLY = Xd\n*, i, save_sectl[il.ply_height);
for (j=0; j<num of_sizes; j++) (
if (save_sectlil.sizes([j) > 0) €

fprintf(fp, * AND Xd SIZE Xs\n“, save_sect[i).sizes[jl, order.ch_sizes[jl);
unit_count = unit_count + (save_sect[i)l.sizes(j] * save_sect[i).ply_height); ’
)
) a

wmarker = find_inches(save_sect[i}.sizes);

inches = marker * save_sect[i].ply_height;

fprintf(fp, “MARKER LENGTH = %7.2f THE TOTAL LENGTH = X7.2f\n\n",
marker, inches);

tot_Ltength = tot_length + inches;

tot_marker = tot_marker + marker;

)

for (j=0; j<num_of_sizes; j++)
order_count = order_count + order.number(j];

unit_dev = order_count - unit_count;
if (unit_dev > 0)
strepy(unit_string, "UNDERY);
else if (unit_dev == 0)
strepy(unit_string, "\0%);
else ¢
unit_dev = unit_dev * -1;
strepy(unit_string, “OVER");
)

fprintf(fp, “TOT MARKER = X7.2f TOT LENGTH = X7.2f, UNIT OVER/UNDER = Xd Xs\n\n",
tot_marker, tot_length, unit_dev, unit_string);
fprintf(fp, “TOTAL TIME = Xf SECONDS\n*, total_time);

/.

Free all space and close output file
*/
if (list #= NULL)

free(list);

if (save_list 1= NULL)
free(save_list);

if (old_sect 1= NULL)
free(old_sect);
fclose(fp);

return(0);




Appendix E Cherry Algorithm Source Code
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,t .................................................................
-- $Header:: D:/cops/src/cherry/cherdec.h December 1990
------------------------------------------------------------ .--.---./
I. ....................................................................
= FILE NAME Cherdec.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS t GTRI/CSITL Atlanta GA 30332 (404) 894-8952
- PURPOSE- To define all variables and procedures

® secsccnscscesssscccacccacnccnsccsssnee Cemsscsssenesccccaccccacancacnna il

#ifndef CHERDEC_M
#define CHERDEC_W

#define MAX_LIST 1000
#detine MAX_SIZES 25

typedef int order_t[MAX_SIZES];
typedef char sizes_t(MAX_SI1ZES1([10];
typedef struct (
order_t number;
sizes_t ch_sizes;
) ord_var_t;
typedef struct ¢
order_t sizes;
float inches;
> list_t;
typedef struct (
order_t sizes;
int ply_height;
} section_t;
int get_parameters(int *units, int *max_ply, int *max_sizes);
float find_inches(order_t sizes);
float combine_inches(order_t set_s);
void check_inches(section_t *temp_secs, int *num_temp_secs);
void clear_temp(section_t *temp_secs, int *num_temp_secs);
void copy_hold_to_sections();
void ones(order_t set_s, section_t “temp_secs, int *num_temp_secs);

void twos(order_t set_s, section_t *temp_secs, int *num_temp_secs);

void threes(order_t set_s, section_t *temp_secs, int *num_temp_secs);
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59

61

void fours(order_t set_s, section_t *temp_secs, int *num_temp_secs);
void fives(order_t set_s, section_t *temp_secs, int *num_temp_secs);
void sixes(order_t set_s, section_t *temp_secs, int *num_temp secs);

#endif
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/t .................................................................
-- SHeader:: D:/cops/src/savings/savedec.h December 1990
................................... ..--.--.----.-----.-------....--t/
/t ....................................................................
= FILE NAME : Savelcl.h
- PROGRAMMER : Terri A. Smith
- DATE WRITTEN : December 1990
- ADDRESS s GTRI/CSITL Atlants GA 30332 (404) 894-8952

= PURPOSE- To define all global variables

e T L T T */
#ifndef CHERLCL_H
#define CHERLCL_M

extern ord_var_t order;
extern list_t *list;
extern int num_list;
extern int num_of_sizes;
extern order_t temp_order;
extern int num_sections;
extern float total_inches;
extern float prev_inch;
extern section_t *sections;
extern int num_hold_secs;
extern section_t *hold_secs;
extern int ply_height;

#endif
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/t .................... L i PR S
-- $Header:: D:/cops/src/cherry/cherry.c December 1990
................................................................... t/
/! --------------------------------------------------------------------
- FILE NAME : Cherry.c

-~ PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

~ PURPOSE- The main program which executes all other procedures

*» emeeceseseccewrecmcceccecscReRNceac ATt CE s EeEeecaeacneassnsasaane t/

#include <stdio.h>
#include <malloc.h>
#include <stdlib.h>
#include <string.h>
#include <memory.h>
#include <time.h>
#include “cherdec.h"
#include “chericl.h®

#define clock() time{NULL)

main(argyv,

arge)

int argv;
char *argc(];

{
/* Input Variables %/
int ou_units; /* # of units over/under allowed */
int max_ply; /* max ply height */
int max_sizes; /* # of sizes allowed / section */

/* Output Variables */

int

num_temp_secs; /* # of total sections ./
float tot_length; /* total length of fabric */
float tot_marker; /* total length of fabric */

section_t *temp_secs=NULL; /* each section description */

int unit_dev = 0; /* deviation of # of units from order */
char unit_string{10]; /* string to print over, under */

int qt; /* largest quantity in order */

int Q2; /* 2nd largest quantity in order */

int s_var; * g2 minus ou_units */
order_t set_s; /* set S of sizes */

int max_sections=0; /* max # of sections to ellocate */
char repeat_loop; /* boolean to loop again or not %/

int i, j, k, L,m,n; /* counters */
float inches; /* used for printing results */
float marker; /* used for printing results ./

int sets_cnt; /* # of sizes in set § oy
FILE *fp; /* output file pointer */

int unit_count = 0; /* # of units in all sections */

int order_count = 0; /* # of units in order */

int ou_count = 0; /* count to determine if repeat loop */



58 clock_t start_time, end_time;

59 double total_time;

60

61 start_time = clock();

62

63 *

64 Open output file

65 ./

66 if ((fp = fopen (“OUTPUT®, wy%)) == NULL ) (

67 printf(“CANNOT OPEN OUTPUT FILE cherry.c\n");

68 exit(0);

69 )

70

n *

T2 Allocate space for the list of Is

[ */

74 if ((list = (list_t *)malloc(MAX_LIST * sizeof(list_t))) == NULL) (
Fe] printf(“ALLOCATION ERROR FOR LIST cherry.c\n%);

76 exit(0);

144 )

78

” num_Llist = get_parameters(&ou_units, &max_ply, &max_sizes);

80

81 fprintf(fp, “CHERRY ALGORITHM\n\n");

82 fprintf(fp, "MAX PLY = Xd MAX # OF UNITS PER SECTION = Xd\n“, max_ply, max_sizes);
83 fprintf(fp, “\n ORDER\n¥);

84 for (i=0; i<rum_of_sizes; i++) (

85 fprintf(fp, "Xd SIZE %s\n*, order.number([i], order.ch_sizes[i]);
86 order_count = order_count + order.number(i);

87 )

88

89 /*

90 Allocate space for the max number of sections

91 for the three list of sections

92 */

93 for (i=0; i< MAX_SIZES; i++) (

9% max_sections = max_sections + order.number(i];

95 )

96

97 if ((sections = (section_t *)malloc(max_sections * sizeof(section_t))) == NULL) (
98 printf(“ALLOCATION ERROR FOR SECTIONS cherry.c\n");

144 exit(0);

100 )

101

102 if ((temp_secs = (section_t *)malloc(max_sections * sizeof(section_t))) == NULL) (
103 printf("ALLOCATION ERROR FOR SECTIONS cherry.c\n");

104 exit(0);

105 )

106

107 if ((hold_secs = (section_t *)malloc(max_sections * sizeof(section_t))) == NULL) (
108 printf("ALLOCATION ERROR FOR SECTIONS cherry.c\n");

109 exit(0);

110 )

111

112

13 for (i=0; i<max_sections; i++) (

14 sections(i]l.ply_height = 0;



115
116
"7
118
119
120
121
122
123
124
125
126
127
128
129
130
31
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
7

for (j=0; J<MAX_SIZES; j++)
sectionslil.sizes[)] = 0;
b

num_sections = 0;

It

. Main Loop of program
*/
while (1) €

for (i=0; i<max_sections; i++) (
temp_secs(i).ply_height = 0;
for (j=0; j<MAX_SIZES; j++)
temp_secs([i).sizes(j] = 0;
)

repeat_loop = 0;

/'
Choose Q1 and Q2
*/
ql = 0;
Q2 =0;

for (i=1; i<num_of_sizes; i++) {
if (order.number(i] > order.number(ql])
ql = i;
)

q2 =0;
for (i=0; i<num_of_sizes; i++) {
if (it=ql) ¢
if (order.number[i] >= 0) ¢
q = i;
break;
p

>

for (i=0; i<num_of_sizes; i++) (
if (i 1= ql)
if (order.numberli] >= order.number(q2l)
Q= i;
)

if (order.number[q2) <= 0)
Q2 = ql;

/'
Form set S with all the sizes remaining in the order
which have a quantity greater than or equal to q2 - the number
of units allowed over the specified demand

*/

s_var = order.number([q2) - ou_units;
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sets_cnt = 0;
for (i=0; T<MAX_SIZES; i++) (
if (Corder.number(i) >= s_var) && (order.number > 0)) ¢
set_s([il = 1;
++gets_cnt;
)
else
set_s(i] = 0;
)

,.
Set ply height of next section to the min(q2, max ply)
*/
ply_height = order.number(q2];
if (max_ply < order.number[q2])
ply_height = max_ply;

/.
Combine all posibilities of sections up to 5 units
per section
*/
inches = (float) 9999.0;
for (i=0; J<MAX_SIZES; i++)
temp_order(i] = 0;
num_temp_secs = 0;

total_inches = (float) 0.0;

ones(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);

if ((sets_cnt > 1) && (max_sizes > 1)) (
twos(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

if ((sets_cnt > 2) && (max_sizes > 2)) (
threes(set_s, temp_secs, &num temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

if ((sets_cnt > 3) &L (max_sizes > 3)) (
fours(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

if ((sets_cnt > &) &k (max_sizes > 4)) ¢
fives(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)
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if ((sets_cnt > 5) & (max_sizes > 5)) (
sixes(set_s, temp_secs, Lnum_temp_secs);
check_inches(temp_secs, &rum_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

copy_hold_to_sections();

/'
Reduce the order demand
*/
for (m=(num_sections - num_hold_secs); a<num_sections; m++) {
for (n=0; n< num_of_sizes; n++) (
if (sections(m).sizes(n) == 1) {
order.number [n] = order.number(n] - ply_height;
set_s[n) = 0;
b

,t
Repeat loop if the order contains a size w/ positive
quantity greater than the number of units allowed under the
specified demand, else break out of loop

*/

ou_count = 0;
for (i=0; i<num_of_sizes; i++) (
ou_count = ou_count + order.number(il;
if (ou_count > ou_units)
repeat_loop = 1;
M

if (trepeat_loop)
break;

) /* END of While (1) */

end_time = clock();
total_time = ((double) end_time - start_time) / CLK_TCK;

/i
Print Out Results
*/
fpr i ntf ( fp' ll\n\nii‘.'t't'ttitttit-Qitt.ﬁ'ti'i'*tttt.'.'t"it.\nll) :

fprintf(fp, “THE NUMBER OF FINAL SECTIONS = Xd\n", num_sections);

for (i=0; i<num_sections; i++) (
marker = find_inches(sections(il.sizes);
inches = marker * sections[il.ply_height;
total_inches = total_inches + inches;
tot_marker = tot_marker + marker;
fprintf(fp, "\nSECTION Xd HAS PLY = Xd\n¥, i, sections[il.ply_height);
for (j=0; j<rum_of_sizes; j++) (
if (sections(i).sizes[j) > 0) (
fprintf(fp, * HAS Xd SIZ2E Xs\n", sections[i].sizes[j}, order.ch_sizes(j});
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unit_count = unit_count + (sections(il.sizes[j] * sectionsli).ply_height);
)
)
fprintf(fp, "MARKER INCHES = X7.2f snd TOTAL INCHES X7.2f\n*, marker, inches);
b
fprintf(fp, “\nTOTAL MARKER INCHES = X7.2f TOTAL INCHES = X7.2f\n", tot_marker, total_inches);

unit_dev = order_count - unit_count;
if (unit_dev > 0)
strepy(unit_string, “UNDER®);
else if (unit_dev == 0)
strepy(unit_string, "\0v%);
else ¢
unit_dev = unit_dev * -1;
strepy(unit_string, “OVERY);
)

fprintf(fp, "UNIT OVER/UNDER = %d Xs\n\n*, unit_dev, unit_string);
fprintf(fp, “TOTAL_TIME = Xf\n*, total_time);
if (list 1= NULL)

free(list);

if (sections != NULL)
free(sections);

if (temp_secs 1= NULL)
free(temp_secs);

if (hold_secs != NULL)
free(hold_secs);

- fclose(fp);

return(0);
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= FILE NAME ¢ Chkinch.c

< PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

= ADDRESS ¢ GYRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine if the total inches calculated from

. the last grouping of sections is less than any previous
- grouwping. If so the sections are saved in the hold

- sections.

- sessessevscssccevemssesmnsecan “eseccccscossscanvenn [y — P —— t/
#include <stdio.h>

#include <mallioc.h>

#include <stdlib.h>

#include <memory.h>

#include “cherdec.h®

#include “cherlcl.h®

void check_inches(temp_secs, num_temp_secs)
section_t *temp_secs;
int *num_temp_secs;

<
intm, i, j;
if (Ctotal_inches < prev_inch) && (total_inches > (float) 0.0)) ¢
num_hold_secs = 0;
for (m=0; m<*num_temp_secs; m++) (
memcpy(&hold_secs [num_hold_secs), &temp_secsIm}, sizeof(section_t));
hold_secs [num_hold_secs].ply_height = ply_height;
++num_hold_secs; )
)
prev_inch = total_inches;
3
)
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-« SHeader:: D:/cops/src/cherry/clrtemp.c December 1990

o® eresesvescveces T T N L L QI
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s Clrtemp.c
¢ Terri A. Smith
« DATE WRITTEN : January 1990
- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Initializes the temp sections

- G PP I NN NN R e PR PP PP PP RO R O PPN N AN A e C e NN LT P R R R e R B e o 'I
#include <stdio.h>

#include <malloc.h>

#include <gtdlib.h>

#include <memory.h>

#include “cherdec.h®

#include “cherlcl.h®

void clear_temp(temp_secs, num_temp_secs)
section_t *temp_secs;
int *rum_temp_secs;

<
int i, j;
total_inches = (float) 0.0;
for (i=0; i< *num_temp_secs; i++) (
for (j=0; j< num_of_sizes; j++) (
temp_secs[i].sizes[j] = 0;
b
)
*num_temp_secs = 0;
)
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-- SHeader:: D:/cops/src/cherry/combine.c January 1991
--------------------------------------- ..-.-.......-----.-.-.....--'/
I' .............. g g U
= FILE NAME Combine.c

-~ PROGRAMMER : Terri A. Smith
- DATE WRITTEN : January 1991
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Finds the length (in inches) of the combine units
- in one section.

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include “cherdec.h*

#include “cherlcl.h®

float combine_inches(temp_order)

order_t temp_order;

float inches;
inches = find_inches(temp_order);

return(inches);
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-- SHeader:: D:/cops/src/cherry/cphoid.c December 1990
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= FILE NAME s Cphold.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Copies the temp gections into the hold sections.

» weueaceetccasmssmsemesssesemsmsenanem FPemescsccrsraccccneroneanan e .I
#include <stdio.h>

#include <malloc.h>

#include <stdlib.h>

#include <memory.h>

#include “cherdec.h%

#include “chericl.h®

void copy_hold. to_sections()
<
int m;
for (m=0; m<num_hold_secs; m++) {
memcpy(&sections (num_sections], &hold_secs(m], sizeof(section_t));
sections (num_sections) .ply_height = ply_height;
++num_sections;

)

prev_inch = (float) 9999.0;
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SHeader:: D:/cops/src/cherry/findinch.c January 1991

FILE NAME ¢ Findinch.c
PROGRAMMER : Terri A. Smith
DATE WRITTEN : January 1991
ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952
PURPOSE- Finds the current unit grouping in the list of Is.
_ If it is not found program is exited.
MODIFICATION HISTORY-
................................................................. i/

#include <stdio.h>
#include <stdlib.h>

#i
#i

nclude <string.h>
nclude “cherdec.h¥

#include “cherlcl.h®

fl

oat find_inches(sizes)

order_t sizes;

int i, j;
char match = 0;

i=0;
while ((!match) && (i < mum_list)) ¢
match = 1;
for (j=0; j<num_of_sizes; j++) {
if (sizes[jl 1= Llist(il.sizes(j1)

match = 0;
)
*+i;
)
if (match)
return(list[--i).inches);
else ¢

printf(“\nCOULDNT FIND *);

for (i=0; i<num_of_sizes; i++) (

if (sizeslil > 0)
printf("Xd Xs *, sizes([il, order.ch_sizes(il);
)

printf(“\n");

exit(0);

)
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- FILE NAME  : fives.c

= PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

= ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to gorup units in fives.

B T R LY T T TR TR Y P e essseccccccsscrnce ./

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include “cherdec.h®
#include “cherlcl.h®

void fives(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, 1, k, L, m n;
order_t temp_order;
float hold_inchesi;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (iz0; i<num_of_sizes; i++) (
for (j=i+1; j<rum_of_sizes; j++) (
for (k=j+1; k<num_of_sizes; ke+) (
for (l=k+1; l<num_of_sizes; l++) (
for (m=l+1; m<num_of_sizes; me+) (

for (n=0; n<num_of_sizes; n++)
temp_order([n) = Q;

if ((aet_s(i) == 1) && (set_s([j) == 1) &
(set_s{k] == 1) & (set_s[l] == 1) &
(set_s(ml == 1)) ¢

temp_order{i) = 1;
temp_order[j] = 1;
temp_order[k] = 1;
temp_order([l] = 1;
temp_order(m] = 1;

inches = combine_inches(temp_order);
if (inches I= (float) 0.0) ¢
for (n=0; n< num_of_sizes; n++)
temp_secs [*num_temp_secs] .sizes[n] = 0;
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total_inches = total_inches + inches;
temp_secs [*num_temp_secs] .sizes (i)
temp_secs [*num_temp_secs] .sizes[]?
temp_secs {*num_temp_secs)] .sizes (k)
temp_secs [*num_temp_secs] .sizes(l)
temp_secs[*num_temp_secs) .sizes [m]
++*num_temp_secs;
)

temp_order[i] = 0;

tewp_order(j] = 0;

temp_order{k] = 0;

temp_order{i] = 0;

temp_order(ml = 0;

"
- ad oD b b
me W3 @ W

for (n=0; n<wum_of_sizes; n++) (
ff (nt= i) B8 (n = j) &k (nIs k) &2

(ni= 1) & (n 1= m) &L (set_s(n] == 1)) (

temp_order(n] = 1;
)
)

hold_inchest = totul_iﬁches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_gecs, num_temp_secs);

for (n=0; n<num_of_sizes; nm++) (
ifnis i) &R (ni= j) &k (n I= k) &2
(n 1= 1) &k (set_s(n] == 1)) (
==*num_temp_secs;
)

total_inches = hold_inches1;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hotd_inchest;
threes(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchesi;
fours(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
fives(temp_order, temp_secs, num_temp_secs);

*num_temp_secs * hold_temp_num;
total_inches = hold_inches2;

)
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= FILE NAME

- PROGRAMMER

= DATE WRITTEN
- ADDRESS

.
-
.
H
-
M
.
.

“ours.c

Terri A. Smith

January 1991

GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to group units in fours

#include <stdio.h>
#include <stdlib.h

..................... .--------.-.--o-.---...-.--.-,

>

#include <string.h>

#inciude “cherdec.
#include “cherlcl.

void fours(set_s,

order_t set_s;

he
h»

temp_secs, num_temp_secs)

section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, i, k, |,
order_t temp_or
float hold_inch
float hold_inch

LH
der;
esl;
es2;

int hold_temp_num;

hold_temp_num = *num_temp_secs;

hold_inches2 =

total_inches;

for (i=0; i<num_of_sizes; i++) (

for (j=i+l;

j<num_of_sizes; j++) (

for (k=j+1; k<num_of_sizes; k++) (

for (1

=k+1; l<num_of_sizes; l++) (

for (m=0; m<num_of_sizes; m++)

if

temp_orderim] = 0;

((set_s([i] == 1) && (set_s[j] == 1) &&

(set_s(k]l == 1) & (set_s(l] == 1)) (

temp_order(i] = 1;

temp_order(j] = 1;

temp_order(k] = 1;

temp_order(l] = 1;

inches = combine_inches(temp_order);

if (inches 1= (float) 0.0) (
for (m=0; m< num_of_sizes; me+)

temp_sec:[*num_temp_secs].sizes(m] = 0;

total_inches = total_inches + inches;
temp_secs [*nun_temp_secs).sizes[i] = 1;




ESRER2BSY

67

RIS IJIIFANAIIZSE

87

89
90
91
92
93
94

96
97
98

100
101
102
103
104
105

temp_secs[*num_temp_secs] .sizes[j] = 1;
temp_secs [*num_temp_secs].sizeslk] = 1;
temp_secs (*num_temp_secs] .sizesll] = 1;
++*num_temp_secs;
)

temp_order(i] = 0;

temp_order(jl = 0;

temp_order(kl = 0;

temp_order(l] = 0;

for (m=0; m<num_of_sizes; m++) (
if ((mis §) 22 (mi= j) &k (mI)=k) id
(mt= 1) && (set_siml == 1)) (
temp_order[m] = 1;
)
)

hold_inches1 = total_inches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (m=0; m<rum_of_sizes; m++) (
if ((m 1= i) && (m 1= j) && (m I= k) &%
(m = 1) &% (set_s(m} == 1)) (
--*num_temp_secs;
)

total_inches = hold_inches?;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchesi;
threes(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchesi;
fours(temp_order, temp_secs, num_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)
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-- $Header:: D:/cops/src/cherry/getparm.c December 1990

ee wswceacecscvecccascscwne envccnenen secacestccssscccuassserecacnacen '/

,.-.. ----------------- veesecsnccncccccncnns cssscccnesnnsmeccvevssnsannnn

= FILE NAME : Getparm.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPJSE- To read in the parameters from a file

e swccesscwmcscscccsen eccneccs cssvsccscsssevmccases memcssscscronanne ./
#inctude <stdio.h>

#include <stdlib.h>

#include <string.h>

#include “cherdec.h*

#include *cherlcl.h*

int get_parameters(ou_units, max_ply, max_sizes)

int  *ou_ units;
int  *max_ply;
int  *max_sizes;

int i, j;

FILE *fp = NULL;
int quantity;
int m;

float temp;

if ((fp =fopen("INPUT", "ru)) == NULL) (
printf("“Cannot open input file - getparm.c");
exit(0);
)

/* set order and list values to -1 %/
for (i = 0; i < MAX_SIZES; i++)
order.number[i] = 0;
order.ch_sizes[i] [0] = 0;
b

for (i=0; i<MAX_LIST; i++) (
listli}.inches = (float) 0.0;

for (j = 0; j < MAX_SIZES; j++)
list(il.sizes[j] = O;
)

/* Input Units */
fscanf(fp,»%Xd", ou_units);
fscanf(fp,"%d", max_ply);
fscanf(fp,"%d", max_sizes);
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/* Input Order %/
for (i = 0; i < MAX_SIZES; i++) (
fscanf(fp,¥%hd®, Lorder.mumber(il);
if (order.number([i]} == -1) (
order.number [i] = 0;
_break;
b

fscanf(fp, *Xs*, order.ch_sizeslil);
)

mam_of_sizes = i;
/* Input List %/
i=0;

while(1) ¢

fscanf(fp,*Xd¥, &quantity);

if (quantity == -2)
break;

while (quantity I= -1) (
fscanf(fp,"%d", &m);
if (m >= num_of_sizes) (
printf("ERROR in reading size variable ~ getparm.c");
exit(0);
)

list{il.sizes{m] = quantity;

fscanf(fp,"%d", &quantity);
b

fscanf(fp, »Xf", &list{il.inches);

++i;

)
fclose(fp);

return(i);
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= FILE NAME : Globals.h

- PROGRAMMER : Terri A. Smith

= DATE WRITTEN : January 1991

- ADDRESS 2 GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To declare all global variasbles

g g L L Cccmcosnmaae ./

#include <stdio.h>
#include “cherdec.h*
#include “cherlcl.h®
ord_var_t order;
list_t *list = NULL;
int num_of_sizes;
int num_List;
order_t temp_order;
section_t *sections = NULL;
int num_sez.ions;
float total_inches = (float) 0.0;
float prev_inch = (float) 9999.0;
int num_hold_secs;
section_t *hold_secs;

int ply_height;




INCLUDES = cherdec.h cherlcl.h
LIBNAME = cherlib

08JS = \

globals.obj \
getparm.obj \
findinch.obj \
combine.obj \
ones.obj \
chkinch.obj \
cphold.obj \
clrtemp.obj \
twos.obj \
threes.obj \
fours.obj \
fives.obj \
sixes.obj

.c.obj:

$(CC)

$(L1I8)
globals.obj : globals.c S(INCLUDES)
getparm.ob) : getparm.c $(INCLUDES)
findinch.obj : findinch.c S(INCLUDES)
combine.obj : combine.c $(IMCiUDES)
ones.obj : ones.c SCINCLUDES)
twos.obj : twos.c $C{INCLUDES)
threes.obj : threes.c SCINCLUDES)
fours.obj : fours.c $CINCLUDES)
fives.obj : fives.c $C(INCLUDES)
sixes.obj : sixes.c $CINCLUDES)
chkinch.obj : chkinch.c SCINCLUDES)
cphold.obj : cphold.c $CINCLUDES)
clrtemp.obj : clrtemp.c SCINCLUDES)
cherry.ob] : cherry.c $(INCLUDES)
cherry.exe : cherry.obj $(08JS)

cl cherry /link cherlib.lib

$(B)\cherry.exe : cherry.exe
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$(1)\cherdec.h : cherdec.h

$(cP)

$(CP)
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FILE NAME s Ones.c
PROGRAMMER  : Terri A. Smith
DATE WRITTEN : January 1991
ADDRESS :

PURPOSE- Groups units in ones and find inches

MODIFICATION RISTORY-

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include ®cherdec.h®
#inctude “cherlcl.h¥

vo

id ones(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;
int j, i, m;

i .= *num_temp_secs;

for (i=0; i<rnum_of_sizes; i++) (
if (set_s(i) == 1) {

for (m=0; m<num_of_sizes; m++)
temp_secs{j}.sizes[m) = O;

temp_secs{jl.sizes(i] = 1;

inches = find_inches(temp_secs[j].sizes);

if (inches 1= (float) 0.0) (
total_inches = total_inches + inches;
+~j;
)

else
temp_secs(jl.sizes{il = 0;

)

)

*num_temp_secs = j;

GTRI/CSITL Atlanta GA 30332 (404) 894-8952
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= FILE NAME : sixes.c

= PROGRAMMER s Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to group units in sixes.

- asssse cessvesscssnsam ceccncasncaccsnna vossssssanmcse concseaccccsns ./
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include “cherdec.h*

#include “cherlcl.h*

void sixes(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, i, k, t, m, n, o;
order_t temp_order;
float hold_inchesi;
float hold_inches2;

int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) {
for (j=i+1; j<num of_sizes; j++) (
for (k=j+1; k<num_of_sizes; ke+) (
for (lzk+1; t<num_of_sizes; l++) (
for (m=l+1; m<num_of_sizes; m++) (
for (n=m+1; n<num_of_sizes; n++) (

for (0=0; o<num_of_sizes; o++)
temp_order (o] = 0;

if ((set_s[i) == 1) 2% (set_s[j) == 1) &8
(set_s{k] == 1) && (set_s[l) == 1) &2
(set_s{m] == 1) && (set_s[n) == 1)) (

temp_order(i] = 1;

temp_order(jl = 1;

temp_order(k] = 1;

temp_order({l] = 1;

temp_order([m] = 1;

temp_order(n] = 1;

inches = combine_inches(temp_order);
if (inches 1= (float) 0.0) ¢
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for (0=0; o< num_of_sizes; o++)
temp_secs [*num_temp_secs).sizes[o] = 0;

total_inches = total_inches + inches;
temp_secs [*num_temp_secs)] .sizes(i]l = 1;
temp_secs [*num_temp_secs] .sizes(j)
temp_secs (*num_temp_secs] .s{zes (k]
temp_secs [*num_temp_secs].sizes([l]
temp_secs [*num_temp_secs) .sizes [m)
temp_secs [*num_temp_secs) .sizes([n)
++*num_temp_secs;
)

temp_order[i) = 0;

temp_order[jl = 0;

temp_order(k] = 0;

temp_order{l] = 0;

temp_order{m] = 0;

temp_order([n] = 0;

for (0=0; o<num_of sizes; o) (
if C(CoI= i) &k (o 1= j) &k (o 1= k) &L

(o 1= 1) && (o i= m) && (o I= n) & (set_s[o] == 1)) (

temp_order(o] = 1;
)
b4

hotd_inches1 = total_inches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (0=0; o<mum_of_sizes; o++) (
if (Co 1= i) &% (o 1= ) && (o 1= k) &
(o i= L) && (o I=n) && (set_s([o] =='1)) (
~=*num_temp_secs;
)

total_inches = hold_inches1;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
threes(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
fours(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchesi;
fives(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
sixes(temp_order, temp_secs, hum_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)
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I'- ----------- D Y T T T R L L L L LT L R S L

FILE NAME

= PROGRAMMER

- ADDRESS

DATE WRITTEN

: Threes.c

s Terri A. Smith

: January 1991

: GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to group units in threes

- Beemsesvecescecsecsesmssce PR PP . '/
#include <stdio.h>

#include <gtdlib.h>

#include <string.h>

#include “cherdec.h*

#include “cherlcl.h*

void threes(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, i, k, ;
order_t temp_order;
float hold_inchesi;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) (
for (j=i+1; j<um_of_sizes; j++) (
for (k=j+1; k<num_of_sizes; k++) (

for (1=0; l<num_of_sizes; l++)

if

temp_order([l] = 0;

((set_s([i]l == 1) && (set_s[j) == 1) && (set_s(k] == 1)) (

temp_order(i] = 1;

temp_order(j] = 1;

temp_order([k] = 1;

inches s combine_inches(temp_order);

if (inches I= (float) 0.0) (
for (1=0; < num_of_sizes; l++)

temp_secs [*num_temp_secs).sizes[l] = 0;

total_inches = total_inches + inches;
temp_secs(*num_temp_secs].sizes(i] = 1;
temp_secs [*num_temp_secs] .sizes(j) = 1;
temp_secs [*rum_temp_secs].sizes(k) = 1;
+*num_temp_secs;
)
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temp_order([i] = 0;
temp_order{jl = 0;
temp_order{k] = 0;

for (l=0; l<num_of_sizes; l++) (
if (L 1= §) 8& (L I= j) && (1 i= k) & (set_s([l) == 1)) (
temp_order(l) = 1;
)
)

hold_inches1 = total_inches;
ones(temp_order, temp_secs, num_tesp_secs);
check_inches(temp_secs, mum_temp_secs);

for (1=0; l<num_of_sizes; l++) (
Pf (L 1= §) &2 (L ¥= ]) & (L 1= k) & (set_sl] == 1)) (
=-*num_temp_secs;
)

total_inches = hold_inchesi;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;

for (1=0; t<num_of_sizes; l++) (

if (CL 1= §) &2 (L 1= j) &2 (1 1= k) && (set_s(l] == 1)) (
--*num_temp_secs;
)

)

total_inches = hold_inchest;
threes(temp_order, temp_secs, rnum_temp secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

b
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= FILE NAME Tuwos.c

- PROGRAMMER : Terri A. Smith
- DATE WRITTEN : January 1991
= ADDRESS H

- PURPOSE- Recursive procedure to group units in twos

» wscecsscwcsvsccccccccocncs cscscsnsssacccannscccnasa casessecane

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include “cherdec.h”
#include “cherlcli.h*

void twos(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, 1, k, m;
order_t temp_order;
float hold_inchest;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) (
for (j=i+1; j<num_of_sizes; j++) (

for (k=0; k<num_of_sizes; k++)
temp_order(k] = 0;

if ((set_sli] == 1) &k (set_s(j] == 1)) (

temp_order(i] = 1;

temp_order(j) = §;

inches = combine_inches(temp_order);

if (inches I= (float) 0.0) (
for(m=0; m<num_of_sizes; me+)

temp_secs [*num_temp_secs].sizesim] = 0;
total_inches = total_inches + inches;
temp_secs (*num_temp_secs].sizes(i] = 1;
temp_secs [*num_temp_secs) .sizes{j] = 1;
*+*num_temp_secs;
/* printf(* WITH TOTAL = Xd\n*, total_inches);

)

temp_order{i] = 0;

GTRI/CSITL Atlanta GA 30332 (404) 894-8952

...... ./

*/
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temp_order(j) = 0;

for (k=0; k<num_of_sizes; k++) (
if (Ck 1= §) && (k 1= j) 2% (set_s[k) == 1)) (
temp_order(k] = 1;
)
)

hold_inches1 = total_inches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (k=0; k<num_of_sizes; k++) (
if (k1= §) 22 (k 1= j) &L (set_s(k] == 1)) (
=-“num_temp_secs;
)

total_inches = hold_inchest;
twos(temp_order, temp_secs, num_temp_secs);
*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)




Appendix F Improvement Algorithm Source Code
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SHeader:: D:/cops/src/improv/case_ai.c  February 1991
------------- .------.-----.....--.-...-.--.......----...---.-..-.t/
FILE NAME : case_ai.c

PROGRAMMER  : Terri A. Smith

DATE WRITTEN : February 1991

ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

PURPOSE- To determine savings if sizes in two sections are
the same

edesssavessrensnaesenascsenoasnnnane esascescrcccccssscencccresanns ./

#include <stdio.h>
#include <stdlib.h>
#include “impdec.h*
#include “implcl h®

float case_ai(sect?, portion, cut_cost)

section_t *secti;
section_t *portion;

int cut_cost;
int i;
int e = 0;

float savings;
for (i=0; i< num_of_sizes; i++) {
e = ¢ + (order.perimeter(i] * secti->sizes(i]);
e = ¢ + (order.perimeter{i] * portion->sizeslil);
)

savings = (float) cut_cost * e;

return(savings);
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-- SHeader:: D:/cops/src/improv/case_aii.c February 1991
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= FILE NAME case_aii.c

- PROGRAMMER : Terri A. Smith
- DATE WRITTEN : February 1991
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine savings by lying sizes next to each
- other instead of on top.

- mecesscesascesssasews ehcasscescssesnnaneve ecevessscsessveccnessananas l/
#include <stdio.h>
#include <stdlib.h>
#include *impdec.h™
#include "implcl.h¥

float case_aii(i, 1, unit_cost)
int i;
int {;
int unit_cost;

float savings = (float) 0.0;
float sectl_inch;
float sect2_inch;
float sect3_inch;
float secté4_inch;

sectl_inch = find_inches(in_section(i].sizes);
sect2_inch = find_inches(in_section(l].sizes);
sect3_inch = find_inches(sect3.sizes);
sect4_inch = find_inches(secté.sizes);

savings = unit_cost * in_section(il.ply_height * (sect1_inch + sect2_inch -
sect3_inch - secté4_inch);

return(savings);
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-- SHeader:: D:/cops/src/improv/combply.c February 1990
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= FILE NAME Combply.c

DATE WRITTEN : April 1990

- PROGRAMMER : Terri A. Smith
ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procedure combines sections which have the same sizes
- and the ply heighth of the new section does not excede the max_ply

® Peeveascscasemcccmenacaceccsscvsnaansnn Cesscemcrmscacsavesevsaanne ./

#include <stdio.h>
#include <malloc.h>
#include <stdlib.h>
#include <memory.h>
#include “impdec.h®
#include “implcl.h¥

void combine_ply(max_ply)
int max_ply;

int i,j,1,k;
char match; -

for (i=0; i<rmum_in_sec; i++) (
for (j=i+); j<num_in_sec; j++) {
match = 1;
for (k=0; k<num_of_sizes; k++) (
if (in_section{i).sizes[k]l I= in_section[j]l.sizes(k})
match = 0;
)
if ((match) &&
((in_section(i].ply_height + in_section[j].ply_height) <= max_ply)) (
in_section(i).ply_height = in_section(il.ply_height + in_section[jl.ply_height;
for (l=j; l<num_in_sec-1; l++)
memcpy(&in_section{ll, &in_section[l+1), sizeof(section_t));
o H
--num_in_sec;
)

b
num_temp_sec = num_in_sec;

return;
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-- SHeader:: D:/cops/src/improv/combsize.c February 1990
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= FILE NAME Combsize.c

= PROGRAMMER : Terri A. Smith
- DATE WRITTEN : April 1990
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- This procedure combines sll sections in which the
- the number of sizes in the new section does not excede
- the mex_sizes alloied per section

e secsocccvescoconcna cemuee cencaas seesmescenmmnccsoscannsnenaranans "/
#include <stdio.h>
#include <mallioc.h>
#include <stdlib.h>
#include <memory.h>
#include “impdec.h®
#include *implcl.h®

void combine_sizes(max_sizes)
int max_sizes;

int num_units;
int i, j, \;

for (i=0; i<num_in_sec; i++) (
for (j=i+1; j<rum_in_sec; j++) €
mam_units = 0;
for (l=0; l<num_of_sizes; l++)
mm_units = num_units + in_section(il.sizes(l] +
in_sectionlj).sizes(l];

if ((num_units <= max_sizes) &&
(in_section[il.ply_height == in_section{jl.ply_height)) ¢
for (1=0; l<num_of_sizes; l++)
in_sectionlil.sizes(l]) = in_section(il.sizes(l] +
in_sectionlj).sizes(l];

for (l=j; l<num_in_sec-1; l++)
memcpy(&in_section[l]l, &in_section[l+1], sizeof(section_t));

e H
-=mum_in_sec;
)

)

nan_temp_sec = num_in_sec;

return;
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-~ SHeader:: D:/cops/src/improv/compswap.c February 1991

e eovese cosmcaves cscmcenene evmscssarces cemonccnsonsocnsre Crecmccnan '/

«  FILE NAME 2 compswap.c

= PROGRAMMER : Terri A. Smith

-~ DATE WRITTEN : February 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine which method to ue to compute
- the savings

P L L L L T T T I T T T T T T T T YT T Y Y P R T ./
#include <stdio.h>
#include <stdlib.h>
#include *impdec.h*
#include “implcl.h"

float compute_swap_savings(i, |, cut_cost, unit_cost, max_sizes)

int i;
int \;
int cut_cost;
int unit_cost;
int max_sizes;

float saviqgs;

§f (in_section(i).ply_height == in_section(l]l.ply_height) ¢
savings = case_aii(i, |, unit_cost);
temp_save.type=s 3;
temp_save.cand_ply_height = in_section[i).ply_height;
temp_save.org_ply_height = in_sectionl[i].ply_height;
)

else ¢
temp_save.cand_ply_height = in_section[l].ply_height;
temp_save.org_ply_height = in_sectionlil.ply_height;
savings = case_aii(i, |, unit_cost);
temp_save.type= 4;
)

temp_save.savings = savings;

return{savings);
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- SHeader:: D:/cops/src/improv/compute.c February 1991
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= FILE NAME ¢ compute.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

- ADDRESS s GTRI/CSITL Atlants GA 30332 (404) 894-8952

- PURPOSE- To determine which method to ue to compute
- the savings

- weecccemsmevescscasseccssan P L T T T T T X T Y aruupppey t,
#include <stdio.h>
#include <stdlib.h>
#include “impdec.h®
#include “implcl.h*

float compute_savings(i, |, cut_cost, unit_cost, mex_sizes)

int i;
int L;
int cut_cost;
int unit_cost;
int max_sizes;

int j;

float savings = (flcat) 0.0;
float save?;

char match = 1;

int num_units = 0;

for (j=0; j<num_of_sizes; j++) (
if (portion.sizes[j]l I= in_section[l]l.sizes(j])
match = 0;
num_units = num_units + secté.sizeslj);
)

if (match) {( /* sizes in sections are the same */
if (num_units <= max_sizes) (
save2 = case_aii(i, {, unit_cost);

if (save2 > savings) (

temp_save.types 2;

savings = save2;

if (in_sectionlil.ply_height I= in_section[l]l.ply_height)
temp_save.cand_ply_height = in_sectionll]l.ply_height;

else temp_save.cand_ply_height = in_sectionli).ply_height;

temp_save.org_ply height = in_sectionl[il.ply_height;

)

)

else if ((in_section[il.ply_height == in_section(l]l.ply_height) && (num_ units <= max_sizes)) (
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savings = case_aii(i, {, unit_cost);

temp_save.type= 3;

temp_save.cand_ply_height = in_section[il.ply_height;
temp_save.org_ply_height = in_section[i).ply_height;
N :

else if (num_units <= max_sizes) (
if (in_section(il.ply_height I= in_section(l).ply_height)
temp_save.cand_ply_height = in_sectionIll.ply_height;
else temp_save.cand_ply_height = in_sectionlil.ply_height;
temp_save.org_ply_height = in_section[i).ply_height;

savings = case_aii(i, |, unit_cost);
temp_save.type= &;
)

temp_save.savings = savings;

return(savings);
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= FILE NAME fFindinch.c

= PROGRAMMER : Terri A. Smith
- DATE WRITTEN : February 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

-~ PURPOSE- To determine the number of inches in a section based
- on the input list Is

* ecevevecscves ceesccsssese cscese ceseccccsssnccsscssnanancsssnancns t/
#inctude <stdio.h>
#include <stdlib.h>
#include <string.h>
#include “impdec.h®
#include “implcl.h*

float find_inches(sizes)

order_t sizes;

int i, j:
char match = 0;
char empty = 0;

i=0;
while ((!match) & (i < num_list)) ¢
empty = 1;
match = 1;
for (j=0; j<rum_of_sizes; j++) (
if (sizes[j]l 1= list[il.sizes[j1)
match = 0;
if (sizeslj] t= 0)
empty = 0;

if (empty)
return((float) 0.0);

if (match)
return(list[--il.inches);
else (
printf(® COULDNT FIND %);
for (i=0; i<num_of_sizes; i++) (
if (sizes[i] > 0)
printf(*Xd Xs », sizes(i), order.ch_sizesli));
)
printf(*\n¥);
exit(0);
)




)

58
59
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-- SHeader:: D:/cops/src/improv/getparm.c February 1990
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= FILE NAME ¢ Getparm.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To read the f.put parameters from a file

P N L Ll L L L T T Ty T R Y L L LT LT TS i/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <malloc.h>
#include “impdec.h"
#include “implcl.h"

int get_parameters(ou_units, max_ply, max_sizes,

cut_cost,

int  *ou_umnits;
int “*max_ply;
int “max_sizes;
int  *cut_cost;
int  *unit_cost;

int  *old_ou_units;

int i, j;

FILE *fp = NULL;
int quantity;
int m;

unit_cost, old_ou_units)

if ((fp =fopen("INPUT®, “r¥)) == NULL) ¢
printf("Cannot open input file - getparm.c");

exit(0);
b

/* set order and list values to -1 */
for (i = 0; i < MAX_SIZES; i++) (

order.number [i] = 0;

order.ch_sizes(il1[0] = O;

order.perimeter(il = 0;

)

for (i=0; T<MAX_LIST; i++) (
list[il.inches = (float) 0.0;

for (j = 0; j < MAX_SIZES; j++)
listlil.sizes[j) = O;

)




58 fscanf(fp,"Xd*, ou_units);
59 fscanf(fp,*Xd", max_ply);

60 fscanf(fp,"Xd", max_sizes);
61 fscanf(fp,"Xd", cut_cost);

fscanf(fp,"%d*, unit_cost);

/* ‘nput Order */
for (i = 0; 1 < MAX_SIZES; i++) (
fscanf(fp,*Xd", Lorder.number({il);
if (order.number(i] == -1) ¢
order.number [i] == 0;
break;
b

fscanf(fp, %d", &order.perimeter{il);
fscanf(fp,“Xs", order.ch_sizes[i});
)
rum_of_sizes = i;
fscanf(fp,”Xd", &num_in_sec);
if ((in_section = (section_t *)malloc(num_in_sec * sizeof(section_t))) == NULL) (
printf(“ALLOCATION ERROR - SECTIONS getparm.c\n");

exit(0);
)

PRRER2BSIIIFANANIIISEIEARER

for (i=0; i<num_in_sec; i++) (

87 in_section”il.ply_height = 0;

88 for (m=0; m<num_of_sizes; m++) (

89 in_gection[il.sizesim} = 0;

90 )

91 )

92

93 i=0;

9 /* Input Sections */

95 while(i < num_in_sec) {

96

97 fscanf(fp,"%d", &quantity);

98

99 while (quantity i= -1) (

100

101 fscanf(fp,"Xd", &m);

102

103 if (m >= mum_of_sizes) (

104 printf("ERROR in reading size variable - getparm.c®);
105 exit(0);

106 )

107

108 in_sectionlil.sizes(m} = quantity;
109

110 fscanf(fp,"%d», &quantity);

1111 )

112 fscanf(fp, "Xd", Lin_section{i).ply_height);
13

114 LdH




115
116
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
%7
148
149
150
151
152

)

fscanf(fp,"%d", old_ou_units);
/* Input List */
i=0;
while(l) €

fscanf(fp,"%d", tquantity);

if (quantity == -2)
break;

vhile (quantity I= -1) (
fscanf(fp,"%d", &m);
if (m >= num_of_sizes) ¢
printf(*ERROR in reading size variable - getparm.c");
exit(0);
b
list(i).sizes(m) = quantity;

fscanf(fp,*%d", &quantity);
)

fscanf(fp,*Xf*, &list[il.inches);

++i;

)
fclose(fp);

return(i);
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/' .......... secanccacess esecsese conccue Seerecvvoccccrensesrrescsarenans
= FILE NAME : Globals.h

-~ PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To declare all global variables

- escssmacs Seccemscccsessresncccsenssceccnaorseanne ceessceccccscscnanesn '/

#include <stdio.h>
#include “impdec.h*
#include "implel.h*

ord_var_t order;

list_t *list = NULL;
int num_of_sizes;
int num_List;
gsection_t *in_section = NULL;
int num_in_sec;

int num_temp_sec;
section_t sect3;
section_t secté;
section_t portion;
savings_t temp_save;

savings_t save;
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-- SHeader:: D:/cops/src/improv/impdec.h february 1990
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- FILE NAME ¢ lmpdec.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To define all structures and procedures

* sSscsmcececcevcsccsmemacasccenes cenmmmas cessemmcosvmncsscsnnacnccnssnn .I

#ifndef IMPDEC_MH
#define IMPDEC_H

#define MAX_LIST 1000
#define MAX_SIZES 25
#define MAX_SAVINGS 400

typedef int order_t [MAX_SIZES];
typedef char sizes_t([MAX_SIZES][10];

typedef struct (
order_t  number;
sizes_t ch_sizes;
int perimeter [MAX_SIZES];
) ord_var_t;

typedef struct (
order_t sizes;
float inches;
) list_t;

typedef struct (
order_t sizes;
int ply_height;
char merged;
) section_t;

typedef struct (
int secti;
int sect?;
int org_ply_height;
int cand_ply_height;
flost savings;
int type;
order_t org;
order_t cand;
order_t in_sectl;
order_t in_sect2;
) savings_t;
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int get_parameters(int *units, int *mex_ply, int *max_sizes,
int *cut_cost, int *unit_cost, int* old_ou_units);

float find_inches(order_t sizes);

float case_aii(int i, int j, int unit_cost);

float compute_savings(int i, int j, int cut_cost, int unit_cost, int max_sizes);
float compute_swap_savings(int i, int j, int cut_cost, int unit_cost, int max_sizes);
void combine_ply(int max_ply):

void combine_sizes(int max_sizes);

void trensfer_forward(int i, int j, int |,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void transfer_backwards(int i, int j, int 1, :
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void swap_forward(int i, int j, int L,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void swap_backwards(int i, int j, int i,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

#endif
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/t ............... cevecsmcccsacncsennncrnaassss
- FILE NAME Implet.h

- DATE WRITTEN : February 1990

- PROGRAMMER : Terri A. Smith
- ADDRESS : GTRI/CSITL Atlanta GA 30332

- PURPOSE- To define all global variables

#ifndef IMPLCL_W
#define IMPLCL_N

extern ord_var_t order;
extern list_t *list;
extern int num_list;
extern int num_of_sizes;
extern section_t *in_section;
extern int num_in_sec;
extern int num_temp_sec;
extern section_t sect3;
extern section_t secté;
extern section_t portion;
extern savings_t temp_save;
extern savings_t save;

#¥endif

February 1990
...................... '/

(404) 894-8952

..................... .I
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-- SHeader:: D:/cops/src/improv/improve.c February 1990
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I. -------- cSrecsvvane cecemssse L LT L T R R R T X T TN

= FILE NAME
= PROGRAMMER

Improve.c

~ ADDRESS

: Terri A. Smith
~ DATE WRITTEN : February 1990
s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- The main program which controls flow of execution

#include <stdio.h>
#include <malloc.h>
#include <memorv.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

#include “impdec.h%
#include “implcl.h¥

#define clock() time(NULL)
main(argv, argc)

int argy;
char *argcl};

<
/* Input Variables */
int  ou_units; r*
int old_ou units; Vil

int  max_ply;
int max_sizes;
int init_ply;
int  cut_cost;
int  unit_cost;

/* Output Variables */
float tot_length;
float tot_marker;

/'
/'
/.
/'
/.

/.
,.

# of units over/under alloued ¥/
# of units over/under allowed */

max ply height allowed */
# of sizes sllowed / section */
initial ply height ./
cutting cost ./
unit cost */

the total amt of fabric needed*/
total fabric between markers */

int  unit_dev; /* deviation of units to cut from order */
int unit_count; /* units in all sections */
int  order_count; /* # of units in order */
char unit_string(101; /* OVER or UNDER */
int i J. k, 4, r, s,m,n; /* counters */
int total_order = 0; /* total # in order */
float inches; /* inches in sections * ply ./
flost marker; /* inches between markers */
FILE *fp; /* file pointer for output ~/
order_t temp_order; /* temp order */
clock_t start_time; /* used for timing alg */
clock_t end_time; /* used for timing alg ./
double total_time; /* total execution time o/
char  mergers_possible = 1; /* while loop boolean */




58 section_t temp_sec; /* temporary section */

59

60 start_time = clock();

61

62 if ((fp = fopen(“OUTPUT®, %u¥)) == NULL) ¢

a3 printf(“CANNOT OPEN OUTPUT FILE savings.c\n");

64 exit(0);

65 )

66

67 if ((list = (list_t *)malloc(MAX_LIST * sizeof(list_t))) == NULL) (

68 printf("ALLOCATION ERROR FOR LIST savings.c\n");

69 exit(0);

70 )

(gl

72 /*

3 Get parameters and print out first solution

74 .y

75

76 rum_Llist = get_parameters(&ou_units, &max_ply, &max_sizes,

7 &cut_cost, Runit_cost, &old ou_units);

78

7 tot_length = (float) 0.0;

80 tot_marker = (float) 0.0;

81 fprintf(fp, “MAX PLY = Xd MAX # OF UNITS PER SECTION = %d\n*, max_ply, max_sizes);
2 fprintf(fp, "UNIT COST = Xd cents CUT COST = %d cents\n", unit_cost, cut_cost);
83 fprintf(fp, “ORDER\n¥);

84 for (i=0; i<num_of_sizes; i++) )
85 fprintf(fp, *Xd SIZE Xs\n", order.number(i], order.ch_sizes[i]);

86 )

87

88 fprintf(¥fz, =\n FIRST SOLUTION \n");

89 for (i=0; i<num_in_sec; i++) (

90 fprintf(fp, “SECTION %d HAS PLY = Xd\n", i, in_section[i].ply_height);

91 for (j=0; j<rwm_of_sizes; j++) (

92 if (in_section(i).sizes[j]l > 0) ¢ .

93 fprintf(fp, " AND Xd SIZE Xs\n", in_sectionlil.sizes[j]l, order.ch_sizes[jl);
9% )

95 )

96 marker = find_inches(in_section[il.sizes);

o7 inches = marker * in_section[i).ply_height;

98 fprintf(fp, “MARKER LENGTH = X7.2f TOTAL LENGTH = X7.2f\n\n", marker, inches);
99 tot_length = tot_length + inches;

100 tot_marker = tot_marker + marker;

101 )

102 fprintf(fp, “TOTAL MARKER = X7.2f TOTAL LENGTH = X7.2f\n\n*, tot_marker, tot_tength);

103

104 ’*

105 Initialize savings structures

106 */

107 for (i=0; i<num_of_sizes; i++) (

108 save.orgli) = 0;

109 save.candli) = 0;

110 temp_save.org(i] = 0;

"M temp_save.cand[i) = 0;

112 )

113

114 *
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*/

combine any sections with a combination of sizes <= max_sizes

combine_sizes(max_sizes);

I.

*/

Main Loop of program -

The loop begins by trying to place one sizes form one section
into another section. Once all possible transferred are tested,
then the program tries swapping two sizes from two different
sections. The loop begins with the first section. The best
transfer or swap from this section is made and the next section
goes through the same tests etc. Once all sections have been
exhausted then the same is repeated but backwards (starting
mith the Last section. This whole process is repeated twice.

mergers_possible = 2;
while (mergers_possible > 0) (

/* combine any sections with same sizes by putting on
top of each other if it doesn’t violate max ply height
*/

combine_ply(max_ply);

/i
Attempt to reaasign onhe portion from original section
to a new section and calculate savings. Merge only
the one with the greatest savings
*/
for (i=0; i<num_in_sec; i++) (
for (j=0; j<num_ of_sizes; j++) (
save.sect! = -1;
save.sect2 = -1;
save.type = 0;
save.org _ply_height = 0;
save.cand_ply_height = 0;
save.savings = (float) 0.0;

for (m=0; m<num_of_sizes; m++)
portion.sizes(m) = 0;
portion.ply_height = 0;

for (L=i+1; l<num_in_sec; l++) (
transfer_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
swap_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
)

/.
Place portion into section. 1f the two sections have
different ply heights then the smallest ply height is
given to both sections and the section with the larger
ply height is added to the end of the section list with
» ply height equal to larger ply minus the smaller ply
*/
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228

I.

r = save.sectl;

s = save.sect?2;

if (save.savings 1= (float) 0.0) €
printf(“REPLACING PORTION Xd Xd\n*, r, 8);

in_section(r).ply_height = save.org_ply_height;
in_sectionls) .ply_height = save.cand_ply_height;

if (save.org_ply_height < save.cand_ply_height) (
in_section(s].ply_height = save.org_ply_height;
temp_sec.ply_height = save.cand ply_height -
save.org_ply_height;

for(m=0; m<num_of_sizes; m++)
tenp_sec.sizes(m] = save.in_sect2(m);

if ((in_section = realloc(in_section, ((num_temp gec + 1)

* sizeof(section_t)))) == NULL) (
printf(“REALLOCATION ERROR FOR INSECTION improve2.c¥);
exit(0);

)

memcpy(&in_section[num_temp_sec++], &temp_sec, sizeof(section_t));
)

else if (save.org_ply_height > save.cand_ply_height) (
in_section(rl.ply_height = save.cand_ply_height;
temp_sec.ply_height = gave.org_ply_height -
save.cand_ply_height;

for(m=0; m<num_of_sizes; me+)
temp_sec.sizes(m] = save.in_sectim);

if ((in_section = realloc(in_section, ((num_temp sec + 1)

' * gizeof(section_t}))) == NULL) (
printf(“REALLOCATION ERROR FOR INSECTION improve2.c");
exit(0);

)

memcpy(&in_section(num_temp_sec++], &temp_sec, sizeof(section_t));
) .

for(m=0; m<num_of sizes; m++) {
in_section(r].sizes{m] = save.org(m);
in_section(s].sizes(m] = save.candIm];
)
)
) /* for j %/
)Y /* for i %

Perform the same sequence of events to transfer and swap
sizes but start at end of list and go beckwards

Attempt to reaasign one portion from original section
to a new section and calculate savings. Merge only
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*/

the one with the greatest savings

num_in_sec = num_temp_sec;

for (i=num_in_sec-1; i>=0; i--) ¢

for (j=0; j<num_of_sizes; j++) (
save.sect! = -1;
save.sect2 = -1;
save.type = 0;
save.org_ply_height = 0;
save.cand_ply_height = 0;
save.savings = (float) 0.0;

for (m=0; m<rum_of_sizes; m++)

portion.sizes(m) = 0;

portion.ply_height = 0;

for (l=i-1; 1>=0; L--) (

transfer_backwards(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);

swap_backwards(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
b

r = save.sectl;
$ = save.sect2;
if (save.savings != (float) 0.0) ¢

printf("REPLACING PORTION Xd %i\n®, r, 8);

in_section(r).ply_height = save.org_ply_heiynt;
in_section(s].ply_height = save.cand_ply_height;

if (save.org_ply_height < save.cand_ply_height) (
in_section(sl.ply_height = save.org_ply_height;
temp_sec.ply_height = save.cand_ply_height -
save.org ply_height;

for(m=0; m<num_of_sizes; m++) (
temp_sec.sizes[m] = save.in_sect2(ml;
)
if ((in_section = reslloc(in_section, ((num_temp_sec + 1)

* gizeof(section_t)))) == NULL) (
printf("REALLOCATION ERROR FOR INSECTION improve2.c");
exit(0);

)

memcpy(Rin_sectionlnum_temp_sec++], Ltemp_sec, sizeof(section_t));
)
else if (save.org_ply_height > save.cand_pty_height) (
in_section[r).ply_height = save.cand ply_height;
temp_sec.ply_height = save.org_ply_height -
save.cand_ply_height;

for(m0; meum_of _sizes; wee) €
temp_sec.sizes[m] = save.in_secti(m;
)
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if ((in_section = realloc(in_gection, ((num_temp _sec + 1)
* sizeof(section_t)))) == NULL) (

printf(*REALLOCATION ERROR FOR INSECTION improve2.c%);
exit(0);
)

memcpy(&in_section({num_temp_sec++], Ltemp_sec, sizeof(section_t));

)

for(m=0; m<num_of_sizes; m++) (
in_sectionir).sizesiml = save.orgim];
in_sectionls).sizes[m] = save.cand(m);
)
)
> /* for j %/
Y /* for i %/

num_in_sec = num_temp_sec;
--mergers_possible;
M/ while %/

/t
Remove sections that are empty
*/

for (i=0; i<num_in_sec; i++) (
order_count = 0;
for (j=0; j<num_of_sizes; j++) (
order_count = order_count + in_sectionlil.sizes{jl;
)
if (order_count == 0) (
for (j=i; jerum_in_sec-1; j++) (
memcpy(&in_section(j), &in_section[j+1], sizeof(section_t));
)
num_in_sec = num_in_sec - 1;
M
b

end_time = clock();
total_time = ((double) end_time - start_time) / CLK_TCK;

fprintf(fp, N\n\n't..tl'.ii.'i.ﬁtt..tttii'i..ttit‘i"t....'...t\nn):
tot_length = (float) 0.0;

tot_marker = (float) 0.0;

unit_dev = 0;

order_count = 0;

unit_count = 0;

fprintf(fp, “THE # OF FINAL SECTIONS ARE : Xd\n*, num_in_sec);
for (i=z0; i<num_in_sec; i++) (
fprintf(fp, “SECTION Xd HAS PLY = Xd\n", i, in_sectionlil.ply_height);
for (j=0; j<um_of_sizes; j++) (
it (in_sectionlil.sizes(j] » 0) (

fprintf(fp, AND %d SIZE Xs\n", in_sectionli).sizes[j]l, order.ch_sizes[j])
unit_count = unit_count + (in_section{il.sizes[j) * in_section{i]l.ply_height);
)
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)
wmarker = find_inches(in_sectionli}.sizes);
inches = marker * in_section[il.ply_height;
fprintf(fp, MARKER LENGTH = X7.2f TOTAL LENGTH = X7.2f\n\n¥, marker,
tot_length = tot_length + inches;
tot_marker = tot_marker + marker;
)

for (j=0; j<wm_of_sizes; j++)
order_count = order_count + order.number({j];

unit_dev = order_count - unit_count;
if (unit_dev > 0)
strcpy(unit_string, “UNDER*);
else if (unit_dev == 0)
strepy(unit_string, “\0%);
else (
unit_dev = unit_dev * -1;
strepy(unit_string, “OVER™);
)

fprintf(fp, “TOTAL MARKER = %7.2f TOTAL LENGTH = X7.2f\n\n", tot_marker,
fprintf(fp, "UNIT OVER/UNDER = Xd %s*, unit_dev, unit_string);
fprintf(fp, "\n\nTOTAL TIME = Xf\n", total_time);

if (list I= NULL)
free(list);

fclose(fp);

return{0);

inches);

tot_length);




INCLUDES = impdec.h implcl.h

LIBNAME = impl

084S = \
global

ib

s.0bj \

getparm.obj \
findinch.obj

comput

\
case_aif.obj \
\

e.obj

compswap.obj \
\

combs i
combpl

tranfrud.obj

suapfr

tranbkwd.obj

swapbk

.c.0bj:

$(CC)

$(L1B)
globals.obj :
getparm.obj :
findinch.obj :
case_aii.obj :
compute.obj :
compswap.obj :
combply.obj :
combsize.obj :
tranfrud.obj :
swapfrud.obj ¢
trenbkud.obj :
swapbkwd.obj :
improve.obj :

improve.exe :

2e.o0bj
y.obj

wd.obj

Ll

wd.obj

globals.c $CINCLUDES)
getparm.c $(INCLUDES)
findinch.c SCINCLUDES)
case_aii.c S$C(INCLUDES)
compute.c $(INCLUDES)
coupswap.c SCINCLUDES)
combply.c $CINCLUDES)
conbsize.g $(INCLUDES)
tranfrud.c $CINCLUDES)
swapfrud.c $(INCLUDES)
tranbkwd.c $(INCLUDES)
swapbkwd.c $CINCLUDES)
improve.c S(INCLUDES)

improve.obj $(0BJS)

cl improve /link implib.lib

$(8)\improve.exe : improve.exe

$(CP)
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$(I)\impdec.h : impdec.h
$(cP)
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/i .................................................................
-~ SHeader:: D:/cops/src/improv/swapbkwd.c February 1990
................................................................... '/
/' ................................... Secscsscnancnessanencnasner e e e
-~ FILE NAME : Swapkwd.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to swap one size from one

- with another size in a different section if feasible. It

- works from the end of the section list to the start.

- wecacscssme ccceaccsnn [ cocemnan e g ./

#include <stdio.h>
#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include “impdec.h®
#include “implel.h®

void swap_backwards(i, j, |, cut_cost, unit_cost, max_sizes, max_ply)

int
int
int
int
int
int
int

int
int

i;

i

L
cut_cost;
unit_cost;
max_sizes;
max_ply;

k, m, n; /* counters */
num_units; /* num_units in one sec*ion */

for (n=0; n<num_of_sizes; m++) (

if ((in_section[i).sizes[j] > 0) &&
(in_section(l]l.sizes(n] > 0)) {

for (m=0; m<num_of_sizes; mr+) (
sect3.sizes[m) = in_section(i).sizes[m);
sect4.sizes{ml = in_section(l]l.sizes(m);
)

sect3.sizes([j) = sect3.sizes(]j]
sect3.sizes{n] = sect3.sizes(n]
secté.sizes{j] = gsecté.sizes(j]
secté.sizes[n] = secté.sizes(n)

+ 4+

1;
LH
1;
1

temp_save.sectl = i;
temp_save.sect2 = |;
temp_save.type = 0;
temp_save.org ply_height = 0;
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85
86
87

temp_save.cand_ply_height = 0;
temp_save.savings = (float) 0.0;

compute_swap_savings(i, |, cut_cost, unit_cost, max_sizes);

num_units = 0;
for (m=0; m<num_of_sizes; m++)
num_units = num_units + secté.sizesiml;

if ((temp_save.savings > save.savings) &k
(num_units <= max_sizes) &&
(temp_save.type > 0) &L
(temp_save.cand_ply_height <= max_ply)) (
memcpy(&save, Ltemp_save, sizeof(savings_t));

for (m=0; m<num_of_sizes; me+) (
if (temp_save.type Iz 1) (
save.org{m) = sect3.sizesiml;
save.cand(m) = secté.sizes(ml;
save.in_sect1(m) = in_section(il.sizesim);
save.in_sect2[m] = in_section{l].sizes[m);
)
else
save.cand{m] = in_section(il.sizes(ml;
Y /* form*/
AR
Y /> if Yy
)Y /* forn*/
return;
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-- $Header:: D:/cops/src/isprov/swepfrud.c February 1990
................................................................... t,
It ....................................................................
- FILE NAME : Swapfrwd.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to swsp one size from one

- with snother gize in a different section if feasible. It

- works from the start of the section list to the end.

- etescescesecsEsETecRerReTsTEsEATREaEESw L t/

#include <stdio.h>
#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include “impdec.h®
#include Yimplel.h®

void swap_forward(i, j, {, cut_cost, unit_cost, max_sizes, max_ply)

int i;

int j;

int {;

int cut_cost;

int unit_cost;

int max_sizes;

int max_ply;

int k, m n; /* counters */
int num_units;

for (n=0; n<num_of_sizes; n+) {
if ((in_sectionlil.sizes[j] > 0) &&
(in_section(l].sizes[n] > 0)) (

for (m=0; m<num_of_sizes; m+) (
sect3.gizes[m] = in_section[i).sizesim);
secté.sizesIm] = in_section[l]).sizes(ml;

)
sect3.sizes(j] = sect3.sizes(j) - 1;
sect3.sizes(n) = sect3.sizes(n] + §;
secté.sizes(j] = secté.sizes[j] + 1;
secté.sizes(n) = secté.sizesin) - {;

temp_save.sect] = {;
temp_save.sect2 = {;
temp_save.type s 0;
temp_save.org_ply_height = 0;
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87
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temp_save.cand_ply_height = 0;
temp_save.savings = (float) 0.0;

compute_swap_savings(i, {, cut_cost, unit_cost, max_sizes);

num_units = 0;
for (m=0; m<rum_of_sizes; m++)
mam_units ® num_units + secté.sizesim];

if ((temp_save.savings > save.savings) &&
(rum_units <= max_sizes) &%
(temp_save.type > 0) &2
(temp_save.cand_ply_height <= max_ply)) (
memcpy(dsave, Ltemp_save, sizeof(savings_t));

for (m=0; m<num_of_sizes; m++) {
if (temp_save.type t= 1) ¢
save.org(m] = gect3.sizes(m];
save.cand[m] = gecté.sizes(m);
save.in_sect1[m] = in_section[i]l.sizesim];
save.in_sect2[m] = in_section[l).sizes[m);
b
else
save.cand[m} = in_section[i).sizesIml;
Y /* form %/
Y/ if vy
Y /r ity
) /* for n %/

return;
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/t .................................. vrececscmansrssrcseraeronnancne
-- $Header:: D:/cops/src/improv/tranbkwd.c February 1990
................................................................... !/
L I Ceeeessascuessasssescscccacesscscsmsesssemmeresemnrmrorraannn
- FILE NAME : Tranbkwd.c

= PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to transfer one size from one

- section into another section if feasible. It works from

- the end of the gection list to the start.

- scewscmsscccrensscccsen Ly i gy e U '/

#include <stdio.h>
#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include Yimpdec.h®
#include "implcl . h*

void t
int
int
int
int
int
int
int

int
int

if

ransfer_backwards(i, j, |, cut_cost, unit_cost, max_sizes, max_ply)
i;
i
H
cut_cost;
unit_cost;
max_cices;
max_ply;
k, m; /* counters */
num_units; /* num_units in one section */
(in_sectionlil.sizes[jl > 0) (

for (m=0; m<num_of_sizes; m++) ¢
sect3.sizes[m] = in_sectionlil.sizesm};
sect4.sizes[ml] = in_section(l]l.sizesm);
)

sect3.sizes[j) = sect3.sizes(j] - 1;
secté.sizes(j) = secté.sizes[j] + 1;
portion.sizes(j] = 1;

portion.ply_height = in_sectionli}).ply_height;

temp_save.sectl = §;
temp_save.gect2 = |;
temp_save.type = 0;
temp_save.org ply_height = 0;
temp_save.cand_ply_height = 0;
temp_save.savings = (float) 0.0;

compute_savings(i, |, cut_cost, unit_cost, max_sizes);
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num_units = 0;
for (m=0; m<num_of_sizes; me+)
mam_units = num_units + secté.sizesiml;

if ((temp_save.savings > save.savings) &k
(num_units <= max_sizes) &&
(temp_save.type > 0) &2
(temp_save.cand_ply_height <= max_ply)) (
memcpy(&save, Ltemp_save, sizeof(savings_t));

for (m=0; m<rum_of_sizes; m++) (

if (temp_save.type I= 1) (
save.orgim} = sect3.sizes(m];
save.cand[m] = secté.sizesIml;
save.in_sectim] = in_section[il.sizes(ml;
save.in_sect2[m] = in_section[l]l.sizes(ml;
)

else
save.cand(m) = in_sectionli).sizes(ml;

return;
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-- SHeader:: D:/cops/src/improv/tranfrwd.c February 1990
................................................................... ./
,. ----------------------------- P L L L L L L Y Ty T Py T R
- FILE NAME : tranfrwd.c

= PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to transfer one size from one

- section into snother section if feasible. It works from

- the beginning of the section list to the end.

> meessmecccommmsccmsesseamenettanaene cecesecsccecensnsensnernaansnee ./

#include <stdio.h>

#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

#include “impdec.h®
#include %implcl.h®

void transfer_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply)

int
int
int
int
int
int
int

int
int

if

i;

i

H
cut_cost;
unit_cost;
max_sizes;
max_ply;

k, m; /* counters
num_units; /* num_units in one section

(in_section(il.sizes[j] > 0) (

for (m=0; m<num_of_sizes; m++) (
sect3.sizes(m] = in_sectionlil.sizes[ml;
sect4.sizesm) = in_sectionll].sizesIm);
)

sect3.sizes(j] = sect3.sizes(j]l - 1;
sect4.gizes[j] = sect4.sizes(j] + 1;
portion.sizes(j] = 1;

portion.ply_height = in_section(il.ply_height;

temp_save.sect! = §;
temp_save.sect2 = |;
temp_save.type = 0;
temp_save.org_ply_height = 0;
temp_save.cand_ply_height = 0;
temp_save.savings = (float) 0.0;

*/
*/




compute_savings(i, |, cut_cost, unit_cost, max_sizes);

num_units = 0;
for (s=0; m<num_of_sizes; m++)
nUM_Units = num_units + secté.sizesiml;

if ((temp_save.savings > save.savings) &&
(num_units <= max_sizes) &2
(temp_save.type > 0) &L
(temp_save.cand_ply_height <= max_ply)) (
wmemcpy(Lsave, ktemp_save, sizeof(savings_t));

for (m=0; m<num_of_sizes; m++) (
if (temp_save.type 1= 1) (
save.org(m] = sect3.sizesiml;
save.cand{m] = secté.sizes[ml;
save.in_secti(m] = in_section[il.sizesml;
save.in_sect2[m] = in_section(ll.sizes(m};

)
else
save.candlm] = in_section(il.sizes(m];
Y}/* for m */
}
VAN )
return;




